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ProEram to Include the Liquid Boost Module". Technical coordination was
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Section I

INTRODUCTION

This final report documentsall findings on Contract NAS8-33803with
MSFCentitled "Modification of 'MASTRE'Shuttle Ascent Trajectory Computer

Program to Include the Liquid Boost Module".

Presented in this documentis an efficient method for determining

optim_ SpaceShuttle trajectories. Optimization is obtained by a steep-

est ascent algorithm using a minimum Hamiltonian (min-H) strategy in

which the derivation has been expanded to encompass the effects of asym-

metrical aerodTnamics, moment balance control, and atmospheric effects. The

algorithm also includes a means for optimizing control parameters, which

allows great flexibility to the solution of many types of trajectory, prob-

iems. This computer program is referred to as the Minimum Hamiltonian

Ascent Shuttle Trajectory. Evaluation (MASTKE) program.

The MASTRE program is an outgrowth of three previous NASA, Marshall

Space Flight Center, ascent trajectory, programs: RAGMOP (Reference 2),

ROBOT (Reference 3), and Lifting ROBOT (Reference 4). The value of the

minimum Hamiltonian strategy to determine optimum trajectories in a comDu-

rationally fast and stable approach was realized when using the ROBOT

program for vacuum, point mass simulations.

The development of the MASTRE program has been an evolutionary pro-

cess which began with the ROBOT program developed by Dr. R. G. Gottlieb.

This program was used for optimization of the upper stages of the Saturn

rocket series. Due to the symmetric features of the Saturn, a near opti-

mum attitude profile could be attained for the booster by using a gravit7

turn (or zero angle of attack) profile. The upper sta_e was optimized by

nonatmospheric algorithms since its trajectory was significantly out of

the atmosphere at both booster cutoff and orbit injection. _owever, the

requirements of the Space Shuttle forced the implementation of atmospheric
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optimization as well as the additional constraint of thrust vector control
momentbalance. The Lifting ROBOTprogram, also developed by Dr. Gottlieb,

and the RAGMOPprogram, developed by a team assisted by Dr.-Gottlieb and

the author, were the first attempts at optimization within the atmosphere

and the enforcement of SpaceShuttle related constraints. The current

MASTKEprogram combines the features of these latter programs and pro-

vides the additional adjoin= equations required by the complex equations

of motion of =he Space Shuttle.

The Liquid Boost Module (LBM) modification to the program has been

another evolutionary step in the program development. The LBM modification

gives =he program =he capability of simulating additional propulsion sys-

tems which are in the planning stages. While =he LBM modification has

been of prime importance in this effort, other modifications have been

made =o the program to update the program capabilities to current trajec-

tory shaping philosophy.

The formulation of the equations of motion in the MASTRE program

includes =he effects of =he earth's "pear-shaped" gravitational model,

=he atmospheric perturbations (aerodynamic forces and moments and base

axial force), and =he calculation of moment balance thrust alignment.

The additional effects of the atmospheric perturbations and moment bal-

ance in the adjoin= equations of motion used in =he steepest ascent al-

gorithm considerably modify =he original ROBOT formulation as programmed

by Dr. R. G. Gottlieb in Reference 3.

The MASTRE program can simulaZe =he trajectory of a multistage

vehicie having up to fifteen thrust events, and the program can be

used for both ground launched and orbital trajectories. The internal

logic is based upon the flight profile of =he Space Shuttle, and the

constants and coordinate systems conform to the Space Shuttle standards.

However, =he program is general in nature and is not restricted to the

Space Shuttle.

i-2



This report is divided into three parts. The first part of the

report (Sections 2 through 6) presents a discussion of the equations of
motion and a limited discussion of the optimization technique (see

Reference 9 for a detailed explanation). The second part, referred to
as the User's Manual (Sections 8 through 12) summarizesthe input and

output requirements. The third part, referred to as the Programmer's

Manual (Sections 13 through 16) provides information required by a

programmer for future modification. Appendices are provided for detailed

presentation of the equations and to provide a program listing.

Documentation continuity has been maintained by coupling the previous

documentation (Reference i) with the current modifications.

Sample cases have been processed and results provided as required

by the contract.

J. _. Lyons

APPROVED:

T. A. Baumbach

Manager

Systems Analysis
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Section 2

PHYSICALMODELS

This section describes the assumptions and equations associated with

determining the physical models of the environment and the launch vehicle.

2.1 ENVIRONMENTAL DEFINITION

The environmental model in the MASTKE program is based upon a rotating

Fischer earth model (1969). Constants for the earth model are based on

Reference 5 and are defined in Table 2-1. While the gravitational model

assumes all four harmonics of the model, which results in a "pear-shaped"

earth model, the calculation of earth-related parameters is based on a

symmetrical ellipsoid.

Table 2-i.

,ii i

_ARANE_=R
i ii i ii i i i

Ear'.,hgravi=a=ianal c_ns=an:

Ear:h total:ion rate

Second harmonic of gravi=y

Thi r_ harmonic of gravity

Fourr.h harmonic of gravii:y

Earth radius a= e(_uator

Gravi=y a= sea leve]
i

Earth Model Constants

S_MBOL
i i

=e

_e

J

H

D

R,

go
i

l

VALUE
i

3.986012E+14 m3,/sec2

7.29211595E-05 ra:/sec

l.62¢05E'03

-6. _E-06

6.9125E-06

6378160 meters

9.80665 m/sec 2

,i , u i

The gravitational potential function used for the Fischer model is given by

u(_, e) - _-- _ -

3

4,

_Tf - 30
cos" 9 " 35 cos 9

where R is the instantaneous radius.
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The angle % is defined as the geocentric colatitude of the instanta-

neous radius vector as shown in Figure 2-1.

i i

Figure 2-i. The Earth - An Ellipsoid

This angle is also used to define the instantaneous value of the earth

radius on the ellipsoid as defined by the equation

R(e) -

(1 - f) R
e

_(I - f)2 sin 2 0 + cos 2

The instantaneous altitude (h) above the ellipsoid is approximated

by the difference between the instantaneous radius and radius of the earth;

thus

h = R - R(e).

The atmospheric parameters of density (p), speed of sound (Vsos),

pressure (P), and coefficient of viscosity (_) are determined as functions

of the instantaneous altitude based upon one of six available atmospheric
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models: the nominal, hot, and cold 1963 Patrick AFB Reference Atmospheres

(PKA63, PHA63, and PCA63) (References 6 and 10) and the nominal, hot, and

cold 1971 Vandenberg AFB Reference Atmospheres (VRA71, VHATI, and VCA71)

(References 7 and ii). The calculation of these parameters is a function

of the third order spline interpolation of the density, speed of sound,

and pressure.

The primary reason for using the spline interpolation, which is used

throughout the program, is that the method not only interpolates the

function but also gives the partial derivative of the dependent variable

with respect to the independent variable. Therefore, the spline inter-

polation of the density, speed of sound, and pressure also resul£s in the

partial derivatives of these parameters with respect to altitude. The

coefficient of viscosity (used in calculation of Reynolds Number),

temperature, and the partial derivatives of the coefficient of viscosity

and temperature with respect =o altitude, however, require use of the

following equations:

3/2
T
n

= 1.458E-08 (T n + llO.4)

where T the temperature is calculated by
n'

2

= / vsos

Tn k20. 046707J

and

3 2Tn _ _V

_u __%_u sos

_-_ = Vso s - (Tn _ [10.4) _h

_T
n

_h

2T _V
n SOS

V 8h
SOS
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It is assumed that the atmosphere rotates with the earth, thus, no

additional perturbations are introduced into the equations _f motion;

however, a horizontal wind may be simulated by specifying t_e direction

and magnitude of the wind as a function of altitude. The wind effects

the simulation through the equation for relative velocity which accounts

for the earth rotation and wind; thus,

where

R m

m
e

VW -

AZw "

_ x R
e

E

i- × gl

^

N = Rx E

inertial velocity vector

radius vector

angular momentum vector of the earth

velocity of the wind

wind direction (azimuth)

(local East)

(local North)

Associated with the environment are several pertinent parameters

which are calculated during the simulation. These parameters and equa-

tions are:

Dynamic pressure (Q)

Mach number (Mn)

Reynolds number (Rn)

1 2 = IQ -_ _ v_ vR IV_,

V R

V
SOS

0 VRZRE F
Rn "

U
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The relationship between the,body axis and the relative velocity
vector is represente4 by two angles, the angle of attack (o_ and side-

slip angle (_) (see Figure 2-2).

Figure 2-2. Angle-of-Attack and Sideslip Angle Orientation

The angle of attack defines the angle between the longitudinal axis and

the projection of the relative velocity vector in the pitch plane. The
sideslip angle defines the angle between the relative velocity vector
and the pi_ch plane projection. These angles are evaluated by the

following equations:

= tan
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2.2 COORDINATE SYSTEM

The primary coordinate system used in the MASTRE prog{am is an

inertial plumbline coordinate system which is earth centered and refer-

enced to the launch site. The Y-axis of the system is parallel to the

launch site geodetic latitude, the X-axis of the system is directed

along the flight azimuth, and the Z-axis forms a right-hand set (Figure

2-3). Since the Y-axis is parallel to the launch site geodetic latitude,

the plumbline system concurs with the inertial guidance and control plat-

form established prior to launch based upon plumbline measurements. In

this sense, the attitude angles, which measure the angular distance

between the plumbline system and body system in pitch, yaw, and roll,

are the same angles used by the guidance and control programs.

Y.

Figure 2-3. Reference Plumbline Coordinate System
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The definition of earth related parameters are made through an

inertial earth centered equatorial coordinate system define_ where YE

is through the north pole, ZE is in the equatorial plane and through the

launch meridian, and X E forms a right-handed system (see Figure 2-3).

This system is formed through the rotation of the launch azimuth (AZL)

and the launch geodetic latitude (eL) , so that:

or

:E =_ [A]T _P "

[ ]i' i = l, 2, 3 represents an angular rotation matrix about the

X, Y, Z axis, respectively.

The body coordinate system is defined so that the Ym-aXis is along

the longitudinal axis of the vehicle, the X -axis is in the pitch plane
m

of the vehicle, and, in the case of the shuttle, points away from the

orbiter tail, and the Z -axis forms a right-hand set (shown in the lift-
m

off configuration portrayed in Figure 2-4). The body coordinate system

is coupled to the plumbline system so that if all attitude angles are

zero the two coordinate systems coincide.

The transformation matrix from the plumbline system to the body

system is determined by an ordered rotation set of the attitude angles.

The transformation matrix is defined:

= [x::] :×YJ: [-×P]3

where

Xp, Xy, X R are the pitch, yaw, and roll attitudes, respectively,

(see Figure 2-5).
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i

\,

Figure 2-4. Lift-Off Configuration

i

,_._ /11/,..I

%

Figure 2-5. A=titude Angles
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For further notation, let [C] represent this ordered set of rotation

matrices, so that

2.3 GENERALIZED EQUATIONS OF MOTION

The equations of motion for the shuttle trajectory, consist of a

combination of accelerations associated with the body and the environ-

ment. In general, the equa=ions of motion are written in the following

form

l [c]Z +x-R

where :

M = instantaneous mass of the vehicle

[IT = transpose of the C matrix

w

T = thrust force vector in the body system

A = aerodynamic force vector in the body system

G = gravitational acceleration in the plumbline system

X - total acceleration vector in the plumbline system.

The thrust and aerodynamic forces, which will be presented later in

this section, are determined first in the body system for simplicity and

then transformed to the plumbline system. These transformed accelerations

are then combined with the gravitational accelerations to produce the

total acceleration on the launch vehicle.

The calculation of the gravitational accelerations in the plumbline

system is based upon determining the partial derivatives of the gravita-

tional potential equation, presented in Subsection 2.1, with respect to

the state position vector; therefore,
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GX

5 = Gy

.Gz.

-3u(R_ 9)"

3X

= 3u(R T 9)
3Y

_u(R, 9)
8Z

_RI

-- , +

5Xl

3%1

_Y I

301
u !

._zj

where 9 is =he geocentric cola=itude.

This equa=ion can be rearranged in=o =he form:

GZ

F:lIX[ GT

vl ---S-°

"Gll' '
LZj L_zj

where

GI! = - _ ÷ J -5 cos" ÷ _
u_

D - cos cos

-7 cos _ cos .:

= -- J cos 9 - E _ \5 -
GT o R2

÷ D - 4 cos _" cos 9

For a spherical ear=h, where J = H = D = 0, =he lat=er equations

reduce _o _he following:

_e

GII = _
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2.A BODY RELATED FORCES

The thrust and aerodynamic forces are calculated in t_ body system

before being transformed into the plumbline system. The body system is

referenced to define all body related parameters associated with engine

locations, center of gravity location, moment reference point, and thrust

vector control requirements.

2.A.l Aerodynamic Forces

The aerodynamic forces acting on the vehicle are resolved into

axial, normal, and side components. These forces are determined by the

product of the dynamic pressure (Q), the aerodynamic reference area (S),

and corresponding values of the axial, normal, or side force coefficients,

and base force components (F A and ); thus,
FN B%

F A - Q S CA + FAB (axial)

F N = Q S CN + FNB (normal)

F S = Q S C S (side).

The aerodynamic coefficients CA, CN, and C S used in these equations

are composed of viscous and inviscid terms. The inviscid terms are

evaluated whenever the mach number is less than i0.0 and are dependent

functions of mach number (Mn), angle of attack (u), sideslip angle (_),

and elevon deflection angle (_) bias. For mach numbers greater than i0,

the viscous terms are used and are dependent upon mach number and angle

of attack.

The evaluation method for the inviscid terms depends on whether the

first stage (complete configuration) or the second stage (post SRM

separation) is being simulated. The first stage aerodynamics assume

a four dimensional dependence on mach number, angle of attack, sideslip

angle, and elevon deflection. During the first stage, the coefficients

are evaluated using the following equations:
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CA + _ + A<_N + " + CA. A_)UT + A°tN A°0UT + ACA
-- CAI CA2 A°LN CA3 CA4 A°0UT D CA6

= + CN 2 &°IN + _3 A_N + CN 4 Ad0UT + CN 5 n6gUT + CN 6 AdIN i_0UT + AC..CN CN 1

" CS1 CS2 + CS3 + CS4 5 + CS6 AdOUT

where

CAi, CN , and CS. are dependent functions of angle of attack, side-
i i slip angle and mach number (CA and CN. assume

B - 0 data and CS" assumes a -10 data) l
l

A_IN - diNsc H - _INAcTUAL (inboard elevon deflection)

A60U T - _0UTscH - _0UTAcTUA L (outboard elevon deflection)

ACA,AC N - additional axial and normal forces based on minor config-
uration changes

{INscH,GOUTscE - scheduled history, of inboard and outboard elevons

dINAcTUAL,dOUTAcTUAL = actual history of inboard and outboard elevons.

Invisaid aerodynamics for the second stage are evaluated using a

linear relationship for variations in angle of attack or sideslip angle.

Thus, for =he second stage, the following equations are used:

CA = CA + CA a
o

CN - CN + CN ,a
o

CS +
= CSo CS B

where

CA , CN , and CS are math number dependent values evaluated at
o o o _ (or B) = O.

CA (Mn), CN (Fun), CS (Mn) are the first derivatives of _he coefficienta a with respect to a (or _).
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Viscous terms only effect the axial and normal force coefficients

and are represented by the following equations:

, - CAc F) - CAc FCA (CAMF sin (9.009 (K n 0.01)) +

CN - (CNM F - CNc F) sin (9.009 (K n - 0.01)) + CNc F

If K < 0.01, then
n

C A - CAc F

C N " CNc F

and if K > i0, then
n

CA = CAp _

CN - CNM F

where

for .01 < K < i0.
n

K - Knudsen number
n

1/2

Kn = 0.1407 _R (P)

- mean free path

MT
1 R* m

" (2)i/2 Nc 2 Mo p (Using the constants as defined below,

this equation reduces to _ - 2.332353 × 10 -8 Tn).

R* = universal gas constant (8.31432 x 103 joules (°K)-I (kg - mol) -I

M - mean molecular weight of air

M - molecular weight (at sea level) (28.9644 kg (kg - mol) -I)
o

Tm = molecular scale temperature
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MT

T = kinetic _emperature (T = -_)
0

= effective collision diameter of a mean air molecule

(3.65 × i0-I0 m)

N - Avogadro's number (6.02257 × 1026 (kg - mol) -I)

CA free molecular flow axial force coefficient

2

CAMF " aI + b!= + Ola

aI - fl(Mn), bI = f2(Mn), cI - f3(Mn)

CAc F = continuum flow axial force coefficient
2

CAc F " a2 + b2a + c2=

a 2 - f4(Mn), b2 = f5(Mn), c2 - f6(Mn)

CN_F - free molecular flow normal force coefficient
2

CNMy " a 3 + b3a + c3_

a 3 - fy(Mn), b 3 - f8(Mn), c3 = f9(Mn)

CNc F = continuum flow normal force coefficient
2

CNc F " a4 + b4= + c4a

a4 = fl0(Mn), b 4 = fll(Mn), c4 - fl2(Mn)

s - angle of attack

f. (Mn) -Mach number dependent tables for the ith coefficient.
I

The representation of the axial and normal base forces is also

dependent on whether first or second stage is being simulated. First

stage base forces are calculated as a function of altitude, angle of

attack, sideslip angle, MPS throttle setting, and dynamic pressure.

Second stage base forces are dependent on the number of M_S engines

operating and altitude (MPS engine out in the first stage is not

currently simulated). The current method of using the power on base

effects for the first stage are represented in the following equations:
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= {FABToT - FABoRB(f + [FABoRB(fFAB (f _ 1.09) _ 1.09) = 1.09)

FNB- FNB(f _ 1.09)(_Af2 + _Af + 1)(Ks62 + Kaa+ I)Q_EF

where

FAB(f- 1.09)' FNB(f-1.09)

f- 1.09- f

- base force componentsfor 109%MPS
thrust (altitude dependent) (subscripts

are defined: TOT - total configuration,

ORB - orbiter alone)

_, K2, Ka, K B - coefficients defined in aero da_a

QREF - reference dynamic pressure (altitude dependent)

AFAB - additional base force due to configuration changes (LBM modification)

The total aerodynamic forces in the body axis system are defined in the

following manner:

-F N

-FA

= F S .

2.4.2 Aerodynamic Moments

The aerodynamic moments, MA, consist of pitch, yaw, and roll

moments (see Figure 2-6) and are evaluated in the same manner as the

aerodynamic forces. During the first stage simulation, the coefficients

of these moments are evaluated by the following equations:

C = C + C A61N + C A6_N + C + C 2
m m I m 2 m 3 m4A6OUT msAdOuT + Cm6A_INA_ouT + ACm

C = C + C A6IN + Cn3A_2 N + Cn4A60U T + Cn5_62UT + Cm6A_I_6OU Tn n I n 2

2
C£ + + "" + + + C^ '_

= C_I C_2AglN CZ3A61N CZ4A_OU T C25AdOU T _6A_IN_gOUT
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where

C
l

_C
m

Cn., CZ. are dependent functions of angle of attack, sideslip

z I angle, and math number (Cmi assumes S = 0 data and

Cni and CZ._ assume _ - 0 data).

- additional pitch moment due to configuration changes.

I Zm

|

Figure 2-6 ....Aerodynamic Moment Orientation

Second stage moment coefficients are evaluated using a linear

relationship, thus

C -C
m m

O

C = C
n n

o

+C
m

where

+C
ns

C_ - CZo + CZ_ s
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C Cn CZ
O O O

-mach number dependent values of pitch, yaw, and
roll moment coefficients at = (or E) _ 0

Cm , C C_ -mach numbers dependent values of the slope of the
n_' _ coefficients with respect to angle of attack or

sideslip angle.

The pitch moment coefficient is also effected by viscous interaction,

thus when mach number exceeds i0, the equation is changed to:

Cm = (CmM _ - Cmc F) sin (9.009 (Kn-O.01)) + Cmc F

where for Kn < .01, Cm - CmCF; for KN > i0 Cm =

C - free molecular flow pitch moment coefficient

C - continuum flow pitch moment coefficient.
mCF

for .01 < K < 10
n

The aerodynamic moments coefficients are translated from the

reference point to the center of gravity by the equations:

C = Cm - CN(YcG- YREF)/_REF + CA(XcG-XREF)/£RE F
_cG

c - ca + Cs(XcG- XEF)/  EF

CG = Cn - Cs(YcG - YREF)/£REF"

These coefficients are used in conjunction with the dynamic

pressure, the aerodynamic reference area, the reference length, and the

base force contribution to determine the aerodynamic moments; thus,

"MAX-- "C_, "

_CG I

MAy = QSZRE F C,, I +

"CGI
I

MAZ C.. i

0
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where AM Z is the additional pitch moment associated with the base force;

_M Z is evaluated based on the equations:

= _i r.l.09(K2Af2 + KiAf + I)(KB_2 + K _ + !)n---0--_AM Z
REF

during first stage simulation, and

AM Z - function of altitude

for second stage simulation.

2.4.3 Thrust Forces

Five propulsion systems are available for simulation in the program.

Of these five, two systems, the Main Propulsion System (MPS) and the

Solid Rocket Motors (SRM), are controllable via thrust vector control

(TVC). The three other systems, the Liquid Boost Modules (LBM), the

Orbital Maneuver System (OMS), and the Reaction Control System (RCS),

are stationary. The controllable engines are used to counterbalance,

or moment balance, the combination of aerodynamic moments and moments

created by the fixed engine offsets. A three degree of freedom

environment is maintained by the instantaneous commanded and response

of the controlled engines, thus creating no vehicular angular

rakes,

The calculation of controllable engine thrust forces requires that

the thrust vector gimbal angles be a function of the thrust magnitudes

(fixed and controllable), the location of the engines with respect to the

CG, the aerodynamic forces and moments about the CG, and any additional

moment created by offset thrust components. This calculation is performed

in the MASTRE programs using a three-dimensional moment balance scheme

which nulls the moments in the body pitch, yaw, and roll direction. Three

assumptions, required for the development of this scheme, are made which

simplify the equations and provide a non-iterative analytic formulation.

These assumptions are:
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l,

2,

3,

Controllable engines during the simulation will consist of

either the MPS or the SRM, but not both.

All controllable engines are combined into two equivalent

thrust engines equally spaced on either side of the pitch

plane (defined by averaging the respective gimbal locations).

The pitch plane gimbal angles for each equivalent engine are

variable, but the yaw plane gimbal angles are forced to be

equivalent.

The total thrust vector is defined by the following equation:

NENG i

i-i j-1

"xJi I

TYji I

.Tzj±J

where

TX , Ty. , TZ - represent the body lateral, longitudinal, and
ji ]i ji side thrust forces for the ith propulsion system,

and the jth engine.

- number of engines associated with propulsion

system i.

For the ith propulsion system, the jth fixed engine thrust force

components are calculated via the following equation

im

TXj]

i

Tyj I "

i

TZ. I
. J.l

fj TVAC " -Ac. P
l j

_I + tan 2_P. + tan 2¢Y.

3 3

where
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f. - throttle level (used for M_Sengines only)
=h

TVAC.- vacuum thrust of j engine
3

A - exit area
_,

3

P - atmospheric pressure

_p.
3

- pitch gimbal angle defined in the pitch plane (XY) of the

vehicle

°y.
]

- yaw gimbal angle defined in the yaw plane (YZ) of the

vehicle.

The coral moment required to be balanced by controllable engines

can now be defined, thus

_AX I NFLXE D NENG.
1

_'AYJ

-- g

i-i J-i

O*

O*

-Ty..(XcG-XGp..) ÷ TX..(YcG-YGp.. )
]l ]l ]l ]l

where

NFIXED
- number of fixed engines

XCG' YCG
- center of gravity components dependent on

instantaneous mass

, YGPji - gimbal location of jth engine in ith propulsionXGPji system (see Figure 2-7).

The moment balance scheme used to calculate the controllable thrust

vector components are developed in the following paragraphs.

*The assumption is made that the fixed engines are symmetric about all

axes except pitch.
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¢

Figure 2-7.

v

Engine Deflection Angles for Fixed Orientation

The moment balance problem is simplified by defining a coordinate

system which relates the engine gimbal point and the center of gravity.

Since the controllable engines are equally spaced with respec= to the

pitch and yaw planes, a plane containing the center of gravity and hhe

gimbal points can be constructed (Figure 2-8). The coordinate system

xyz is defined so that the origin is located at the center of gravity

and the engine gimbal points are con=alned in =he yz plane.

Pitch and yaw gimbal angles for each engine are defined as

\ Yi/

l \ Yi/

where i denotes the first or second engine and Tx, Ty, T z

thrust components in the xyz system.

denotes =he
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7

Y_

Figure 2-8. Center of Gravity/Gimbal Plane Coordina=e System

The moment equations about each axis =o be satisfied can be written

Ty I =an _YI

Ty I _an _PI

(Tyl + Ty2)

- ',2)CylTy 2 =an dz - tan + T =an

dx + (Ty I _an _PI + Ty2 tan _P2)" -Mz

dx = -M
Y

where

Mx, My, M z
are the components of =he compensating moment in =he

xyz coordinate system

m _ m

dx =, xGPI xCG XGP2 xCG 0

dy - YGP 1 - YCG = YGP 2 - YCG

dz - zGp 2 - zCG " -(zGp I - zCG )

and the following substitutions have been made
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Tx. - Ty i =an 6p.
l l

T _ T tan 6y.
zi Yi l

The longitudinal component of thrust is defined based on the cons=taint

_Txi 2 + T 2Ti _ 2 + Ty i zi

and, through subs=itutlon, the equation for the longitudinal component

is written

r

Yi

T i

1 + tan 2 6p. + tan 2 6y.
l l

In order to solve the moment equations for the four g_.mbai angles,

the assumption is made that _YI " _Y2 " 6y, thus, reducing the problem

To three equations and three unknowns. The expansion of these equations

is treated in Appendix B and results in the following equations in the

body coordinate system

I_ tan 8'

TX - _

1 + tan 2 + tan 2 g_
°P1

+

tan 6'pl -I
_i + tan 2 6' + tan 2 'P2 _Y

+ tan2 _1 ÷ tan2 _4 X/1÷ _an'_6_2 ÷ tan2 q

TZ - Ty =an 0y

where
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f = the throttle level (MPS only)

T = the total thrust of the controllable engines

PI _PI

P2 gP2

_ _ _y

and

is the angle between the gimbal point and center of gravity plane

and the vehicle yaw plane.

2.5 MASS CALCULATION

The calculation of the instantaneous mass, M, at any time, t, is

determined by the summation of =he integrated value of the propellan_

plus the payload, MI, and the inert weight, MA, which consists of the

weight to be either jettisoned or dropped during =he simulation. This

procedure of not allowing the integrated mass =o consider =he jettisoned

or dropped weights allows an easier reconstruction of the mass during the

backward simulation of the adjoint equations of motion since the inte-

grated mass is continuous throughout she trajectory.

The mass at any time, t, is given by the equation

M - MA + M I

where the inert mass (MA) is determined as a function of the current

thrust event so that

i-i i k-i k i=l (Wdi + Wji )/go
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where

N

J

K

- total number of drop weight events

s total number of thrust events

current value of the thrust event

W d - drop weigh=

W. - jettison weight.
3

The term 'jettison' weigh= refers to weights Jettisoned at the end

of a thrust event where as 'drop' weights can occur any time during a

thrust event. The option of both types of weight deletions gives the

program flexibility for the thrust event type of logic being used.

Propellant flow rate is a function of the type of propulsion system

being simulated. M_S flow rate is based on the relationship

rTvA C

"_mMPS" NENG go Isp

where NEN G is the number of MPS engines, r is the throttle setting,

TVA C is the vacuum thrust, and Isp is the specific impulse. The

uniqueness of the MPS flow rate is the dependence of specific impulse

on time from launch and throttle setting. To simulate this dependence,

the value of I at 100% is evaluated as a function of time from launch
sp

and the throttle relationship is handled as a constant quadratic relation-

ship, such that

I (t)

! = sPl00% (a r2 + b_ + c)
sp I

SPRE F

where

I (t) - specific impulse of 100% thrust evaluated at time t
sPl00%

I
SPREF

- reference value of specific impulse
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- coefficients of quadratic relationship

- throttle setting.

The flow rate for the SRB and LBM systems is evaluated as a function

of time from launch; thus

msR B - NLN_SRB (t) (input table)

(input table).

The simulation of dumping propellant from the interconnect system

linking the OMS and RCS systems is performed by allowing the additional

thrust component to be included in the RCS thrust calculation and the

flow rate to be included in the OMS flow rate calculation. The equations

for OMS and RCS flow rate are directly a function of user input, thus,

roOMS " NEN_OMS k + %UMP k

_CS " NLNG_CS k

where :

• i %, - the OMS, RCS and dumped flow rates at thrust
roOMS ' CSk UMPk event k.
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Section 3

THEFORWARDTRAJECTORY

This section describes the equations of motion used to evaluate the

forward trajectory, a description of the forward trajectory flight phase

options, the terminal and intermediate functions which may be selected

as optimization parameters, and various options associated with the

forward trajectory.

3.1

are

TEE EQUATIONS OF MOTION

The general form of the equations of motion integrated in MASTRE

Pi" _" Fx/M + GX

P2" 0- Fy/M+Gy

_3 " _ " _z/M+ GZ

-i-v
6

8 -mssM_

_9 " -_s_

Pll " -mOMS

%2" -½ s
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PI3 " -mOTHER(available for fu=ure propulsion system modifica=ion)

• _VR/. 3048_3"07
Pl4" 17700.(.0019403 p)i/2 \ F0"O-_"/

ll. - .24 460.
(.24)(1.8)T n +

(VR/.3048)

50063.

(stagnatiou heating indicator)

PI5 " TVAc/M (ideal veloci=y)

Pl6 " -(TvAc - Ts/M) (back pressure loss)

(gimbal loss)

(gravity loss)

Pl7 " -(Tv - rS/M)

_18 " -(V •_)

• 1[rx(_PI9 " -_

• I[-FN(V " X) - FA(V " Y) + Fs(V " Z)]P20 " - M

• X) + Ty(V " Y) + Tz(V " Z) - TVAC] (turning loss)

(aerodynamic loss)

i

P21 " Q - QMAX (evaluated only when Q ! QMAX)

P22 " mDUMP (propellan= dumped from interconnect system)

where

IFy
!

[Fz.

- Cc]_ C_ + _ ]

TVA C - scalar sum of the vacuum thrust of all engines

TS - scalar sum of the actual thrust of all engines
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V

= total resultant thrust

= inertial velocity vector ('^' indicates unit vector)

X,Y,Z = vehicle axis unit vectors.

The first fourteen variables are always evaluated for every forward

trajectory. Variables 15 through 22 are only integrated after a converged

run has been achieved and during the final trajectory printout. The equations

related to the losses (15 through 20) are developed in Appendix C.

3.2 TRAJECTORY SEQUENCE REQUIREMENTS

The flight profile of a ground launched =raJectory is separated into

a number of phases. The number of these phases is a function of the type

of attitude control required for a particular mission profile. The

sequence of these phases and the duration of each phase is optional.

These phases are divided into the following categories:

• Trajectory initiation equations,

• Vertical rise,

• Roll to flight azimuth command,

• Booster polynominal attitude control,

• Booster angle-of-attack control,

• Prime contractor attitude angles 9, _, and a, and

• Minimum Hamiltonian (min H) attitude control.

All trajectory simulations are required to use the initial equations and

are restricted to using the min H attitude control during the terminal

phase. All other phases are optional.

Jump start trajectories, started at a time other than liftoff, are

restricted to the orbiter stage and can use either a fixed polynominal

profile followed by the min H phase or the min H phase alone.

The following paragraphs explain the types of phases and the

equations associated with each phase.
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3.2.1 Trajectory Initiation Eaua=ions

The initiation of a ground launched trajectory requir<s the input

values of the geodetic latitude (eL), launch azimuth (AZL), and altitude

(ho) of the launch site. The geocentric colatitude of =he launch site is

calculated by the equation

9 = _/2 - tan "I [(i - f)2 tan 9L]"

The radius of the launch site and =he initial inertial velocity of

the launch site is calculated by the equations:

R = R(O) + h
o o

V - R _ sin 8.
o o e

The initial plumbline position and velocity components are calculated

by the equations

and

li]IJE- -AzI 9L + _ - 7/2
2 i

The initial value of the total mass to be integrated is determined

by the difference between the initial mass, Mo, and the inert mass, M A.

= M ° - MA.
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With the exception of the separate propulsion flow rate values, the

initial values of all other integrated variables are set c_ zero.

Initial values of the propulsion flow rate are provided by input.

The initial values for a jump start trajectory also require the

geodetic latitude of the launch site and launch azimuth along with the

jump start t_e (from liftoff), the weight at the j_p start, and the

initial values of the state variables required in the equations of motion.

3.2.2 Vertical Rise

During the first portion of launch, the vehicle attitude maintains

a vertical rise by defining the attitude angles which will allow vehicle

orientation with respect to the launch tower. Since the Space Shuttle

will assume a position on the pad such that =he pitch plane is not in

=he flight plane, the inertial attitude angles, defined in Paragraph 2.2,

no longer lie in the vehicle pitch and yaw axes defined on the launch

pad. This discrepancy makes it difficult to relate to the vehicle motion

before and during the roll maneuver to the flight plane. This problem

has been solved by redefining the pitch, yaw, and roll attitudes in the

instantaneous vehicle plane and transforming these angles to the inertial

attitude angles of Paragraph 2.2. During the vertical rise maneuver,

these redefined angles are defined by the following equations:

Xp' - tan-l(-yY)

Xy' = sin -I (-£z)

where

YY = Ro

.Yz

0
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• !

X R
O

- AZL + v - AZTAI L

AZTAI L - azimuth of the orbiter tail.

The transformation to the inertial plumbline attitude angles is via

the equations :

" tan
X P

Xy = sin -I (Yz)

where

The vertical rise attitude is maintained until the initiation of the

tilt-over command.

3.2.3 Roll to Fli_ht Azimuth Command

Whenever the vehicle is launched with the Orbiter tail pointing out

of the plane defined by the flight azimuth, a roll command maneuver is

required to place the Orbiter tail (vehicle pitch plane) in either a

cockpit up or down position in the flight azimuth plane. This maneuver

can be ini:iated at any reasonable time, but usually as soon as possible.

The attitude angles for the roll command maneuver are based on

independent pitch and yaw commands (required by the vertical rise command

or other commands which will be discussed later) and roll command rate.

During this maneuver, the redefined roll angle is updated via:
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x[=×[ :R)
o

where

f

XR
o

- the initial value of roll

- the commanded rate

- instantaneous time from launch

tR - roll initiation time.

The transformation equations of Paragraph 3.2.2 are used to define

the inertial attitude angles.

3.2.& Booster Polvnominal Attitude Control

The termination of vertical rise is followed by a pitchover (or

tiltover) phase which is commanded by a pitch polynominal as a function

of time. The pitch and yaw attitude pol}_ominals used in the simulation

are of the general form

+ alt + a2 t2 + . + a tnX = ao " " n

where

n < 6 for pitch

n d 4 for yaw.

The order of the polynominal, as well as the time duration, is optional

and can be maintained throughout the booster portion of the trajectory.

However, if the time duration does not cover _he entire booster portion,

several optional forms of attitude philosophies can be used. These

philosophies will be covered in the next section.

By inputting values of time and pitch angle or both pitch and yaw

angles, plus the order of the polynominal(s) required, the program deter-

mines the coefficients of the requested order polynominal(s) in such a
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manner that all points are forced to lie on the curve. Optimization of

the pitch and yaw attitude angles can be performed when using a poly-

nominal by treating input values of the pitch and yaw angies as independent

parameters (as opposed to control variables used by the min H).

The MASTKE program allows the use of two such polynominals in the

trajectory simulation.

If pitchover occurs prior to or during the roll maneuver, the values

of pitch and yaw are assumed to be the redefined angles. In this case,

the transformation equations of Paragraph 3.2.2 are used to define the

inertial attitude angles.

3.2.5 Optional Angle-of-Attack Attitude History for the Booster Phase

Whenever the polynominal form of attitude control is not being used

during the booster simulation, there are two attitude options. One of

these options is based on restricting the attitude angles to math number

dependent values of angle of attack and sideslip angle.

For this option, the inertial attitude angles are defined by :he

following equations:

Xy = sin -I (Yi)

where

X'

y, . [%]
3

Z'

:.q
1

1

1
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ac' _c - commanded values of angle of attack and sideslip angle

a, _ - current values of angle of attack and sideslip angle

^ ^

X, Y, Z - current direction cosine matrix.

3.2.6 Prime Contractor Attitude Angles 0S, _, and-q

Another method of providing attitude commands during the booster

phase is through the attitude angle histories supplied by the Space

Shuttle prime contractor. These attitude angles differ from the attitude

angles in MASTRE in both definition and order of rotation. Whereas the

MASTRE program uses a pitch, yaw, and roll sequence in the transformation

from the inertial system to the body axis, the prime contractor uses a

yaw, pitch, and roll sequence. As shown on Figure 3-1, the yaw angle

(_), or heading angle, defines the angle between the pitch plane and

local north, the pitch angle (_s) is the angle between local horizontal

and the vehicle longitudinal axis, and the roll angle (c) is the angle

between the vehicle Z axis and the pitch plane. These angles, which are

input directly as tables, are converted to the attitude angles used by

MASTIIE. The equations required for this conversion are:

×p _ tan -I /hYk_yj

-i
Xy + sin (Yz)

-i -Xz

where

x

÷

.z

" [ 32[es-
3 [%- e]3[ e]2
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Theseangles are used from lift-off to the beginning of the min-H

phase and are not structured to use parametric optimization.

Y

Figure 3-1.

YB

Prime Contractor Attitude Angle Orientation

3.2.7 Attitude Control During _Lin-H Phase

Following the booster simulation, the attitude of the vehicle can

be determined by using the min-H technique. This method, used in con-

junction with the steepest ascent algorithm, determines the optimum pitch

or pitch and yaw attitude history which provides the maximization, or

minimization, of some payoff function while enforcing intermediate and

terminal constraints. The optimization criteria, based upon the minimi-

zation of the Ham.lltonian along the trajectory, can be used for the total

Orbiter =rajector'y.
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The determination of the optimized trajectory is accomplished by an

iteration process which involves the successive updating of _ an input

attitude history. This updating is based upon the steepest ascent formu-

las presented in Section VI.

3.3 CONSTRAINT LIBRARY

The definition of the optimization problem requires the specification

of a quantity to be maximized or minimized and a set of terminal or inter-

mediate constraints to be satisfied. The MASTKE program has a library of

20 variables which can be treated (by choice of input) as either the pay-

off function of an intermediate or terminal constraint (Table 3-1). After

selection of the payoff function, any physically realizable set of the

remaining constraints may be selected and imposed at the terminal time or

input-dependent intermediate times.

For the definition of the equations of the library functions as well

as the partial derivatives with respect to the state variables, the reader

should consult Appendix D.

3.4 CONTROL PARAMETERS

The stezpest ascent optimization, in addition to determining the

control attitude tables during the min-H phase, can also simultaneously

determine other parameters. These are defined in Table 3-2.

Variables 29, 30, and 31 are used when maximum dynamic pressure is

required as a constraint. These variables define a ramp function (see

Figure 3-2) for the thrust level requirements of the MPS propulsion sys-

tem. Intermediate times in this ramp are determined by a user supplied

throttle rate.
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Table 3-I. Payoff and Constraint Library

LIBRARY NO. SYMBOL FUNCTION NAME
,k

1

2

3

4

5

6

7

8

9

I0

II

12

13

14

15

16

17

18

19

20

Mf

VI

YI

R

VE

AZE

YE

i

BN

_V

QMAX

Cutoff Weight

Inertial velocity

Inertial flight-path angle

Radius

Not used

Not used

Earth fixed velocity

Earth relative heading angle

Earth fixed flight-path angle

Inclination

Inertial descending node from
launch

Not used

Not used

Orbital velocity including
oblate effects (Reference 8)

Maximum dynamic pressure

Stagnation heating indicator

Not used

aVRTLS

AVA

RNG

Relative velocity increment from

linear relationship between
relative velocity and range

(RTLS terminal condition)

Velocity increment from linear
relationship between ET propel-
lant V available and range

(RTLS initiation condition)

Range from the launch site

UNITS

kg

m/sec

deg

m

m/sec

deg

deg

deg

deg

m/sec

Ib/ft 2

btu

m/sec

m/sec

NMi
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Table 3-2. Parameter Library

LIBRARYNO. PARAMETERNAME SYMBOL

1-15 Burn time for i th thrust event

16

17

18-24

25-28

29

3O

31

32-34

Liftoff weight

Launch azimuth

Booster pitch attitude

Booster yaw attitude

Time to start MPS throttle ramp

Time after maximum dynamic pressure

Value of throttle at bottom of ramp

Values of sideslip angle history

WLo

AZL

XPB

XYB

t s

t e

THROTTLE VALUE

Figure 3-2.

I
!

I
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Section 4

THEBACKWARDTRAJECTORY

During the min-H phase of the solution, influence coefficients are

determined by the backward integration of the adJoint differential equa-

tions. The influence coefficients are used in the steepest ascent technique

to determine the optimum set of control parameters based upon their rela-

tionship with respect to the active terminal and intermediate constraints.

The construction of the adjoint equations requires one solution for each

function being considered as either the payoff function or as a terminal

or intermediate constraint. Since the adjoint equations can be determined

numerically at the end point, the adJoint solutions proceed backward in

time from the final time for the payoff and terminal constraints, and from

the intermediate constraint times if applicable. The adjoint variables

are also used to determine the impulse response functions which give the

effect of changes in the payoff and constraints with respect to the pitch

and yaw attitude angles.

The main difference between the min-H formulauion and the regular

steepest ascent formulation is the calculation of weighting matrix, W ,
a

which is used in the updating of the pitch and yaw attitude tables. The

min-H formulation requires W to be a time-varying function which is com-
a

posed of the second partials of the Hamiltonian function with respect to

the pitch and yaw attitude angles. Using this weighting matrix allows the

atzitude history to follow an optimal path based upon the theors" of calculus

of variations. THe reader should consult Reference 8 for a more detailed

discussion of the min-H theory.

The notation traditionally used to describe the adjoint solution is

introduced below:

-The scalar payoff function

-an m x 1 matrix of constraints including both terminal and

intermediate functions (the constraints are satisfied when b = 0)

_- an m x 1 matrix of constant Lagrangian multipliers associated

with the constrian_s
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T,

-The augmented scalar payoff function _ + v

k -A 7 x I matrix of particular adjoin= solutions associated with

=he payoff function

k -A 7 x m matrix particular adjoin= solutions associated with the
constraints

-A 7 x i matrix of adjoin= solutions associated with =he function

_. When appearing without a subscript, % is the equivalent of

=he Euler-Lagrange variables used in the calculus of variations
and are formed as

The backward integration of =he adjoin= equations is essential since

=he boundary conditions a= =he =erminal as well as the intermedla=e point

are known. The boundary condition on =he Euler-Lagrange variable, i, are

known by the equation

(T refers to =he transpose of =he matrix 4)

Therefore, the boundary conditions of i and % are of =he form

" t= _f

and

t s

Itf, for terminal constraints

Iti, for intermediate constraints

The partial derivatives of all functions which can be zreated as the

payoff function or constraints are given in Appendix E.

= :_ ], the Euler-Lagrange orDefining the 7 x (m + i) matrix _Z [_ _

adjoin= differential equations for the backward integration become

" = FT



where the 7 x 7 matrix F contains the partial derivatives of the state
equations of motion with respect to the state; therefore, _

F_ .

i

_'Ip "" ""=P2 =P3

iW _W _W

eP! 3

_U _U _U

=91 _P2 3

_V _V iV

_X iX iX

- 3
iY iY iY

• .iPl _P2 i 3

iZ _Z iZ

-" 3
_M _M iM

m

! 0 0 0

0 ! 0 0

0 0 1 0

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 m

_M
i

Since =he MAETRE proiram includes =he effec:s of :he azmospnere in :he

adjoin= equazloms =he par:ia! derlva=ive equa=ions are siguif!can=!y more

complex :ham wlzh gravity and =hrus= alone. Rewrlz_ng =he firs= :hree com..o-

nones of =he equa:ions of mo_Ion into a dlfferen= form aids in :he deve!opmen:

of =he partial derlvazive equa=!ous; =bus,

where =he values in paranuheses reflec: =he forces in =he vehicle body sysu_m

and :he X, Y, Z u=i: vec==rs represen= =he /irec:ion cosines of :he body axis

in =he reference coorS!hate sys=mm (launch piumbi_=e). The _enerai equa=ions

for =he par:iai derlva=!ve equa=Ions bec=me

This term is used only when acceleration throttling is employed.

4-3



_o 1 "" X
SFv _ SFE_W SW

3P__Z7_ _ a Isp - M _M

_M L Isp2

_P7

bM
(used only when throttling)

where

- vet=or quantity representing W, U, and V

X - vector quantity representing, X, Y, and Z

M - instantaneous mass

FX, Fy, FZ - vector representing thrust and aerodynamics forces
in the body axis

G - gravity vector in the plumeline system

a - acceleration limit

I - specific impulse
sp

31

sP.3M g°--_aT(2alr + a2)

r - throttle level of MPS engines

T - thrust of _PS engines

- coefficients of MPS Isp relationship.al,a 2
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The reader should consult Appendices E and F for more detailed
descriptions of the partial derivatives.

During the backward integration, m+ i sets of adjoint equations are

integrated from the terminal point to the beginning of the thrust event
which initiates the min-H optimization. During the integration, the

plumbline state is reconstructed to calculate the F matrix by interpolation
of stored values created in the forward trajectory.

The effect of the terminal and intermediate constraints with respect
to the attitude control variables is monitored by defining the impulse

response functions along the trajectory. The impulse response functions
are of the form

for the pinch a=zi=u4e

G_y - _. " AZ "=Xy for :he yaw at:i=ude.

The general equations for these par=ia! derlva=Ives are

and

_Xy =Xv _XX =Xv =IX

The reader should aga/m =onsul= Appeniix F for :he 4efi=i=ion of =he

par=lai derivatives.
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_--ne _roduc'- of the __m_uisa _;u=c'.!ons, G,, _;hich are ieno=ed as
- " 4.

an_

for pi==h sn_ yaw _on=ro!

-1
and a time-varying weighting matrix, W is also calculated during the

a '

backward integration which is an (m+ I) by (m+ i) matrix of control variable

integrals, so that

a

If there are intermediate constraints, the above definition of IZZ

may be used provided _hat, after the intermediate constraint time, the

elements of G Z corresponding to the intermediate constraints are zeroed.

-i
Discussion of the formulation of time-varying weighting matrix, _ ,

a

which is also calculated during the backward _rajec_ory, will be presented

in Section VI.
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Section 5

INFLUENCE COEFFICIENTS

A distinction is made between a control variable and a control param-

eter since a control variable refers to the attitude control determined

during the min-H phase and a control parameter refers to all other param-

eters. Since the impulse response functions determine the partial deriv-

ative, or influence coefficients, of the payoff function and constraints

with respect to =he control variable, the influence coefficients of :he

control parameters are determined by either using numerical derivatives

or by using analytical methods.

The numerical method requires the integration of the forward trajec-

tory from the initial time, to, to the beginning of the min-H phase, tH,

varying the optimized parameter by some positive increment. Using the

adjoin= solution at :hat time (tH) gives the influence coefficients of

the payoff and constraints with respect to the state; the influence co-

efficients of the payoff and constraints with respect to the parameter

are found by evaluating the change of state with respect to the paramener

and using the chain rule. Thus, for any parameter, X, with a given in-

crement, AX, the influence coefficient becomes

+ NOM
where p and p refer to the plumbline state for the positive variation

and the nominal, respectively. All parameters prior to the initiation of

the min-H optimization, excluding launch azimuth and thrust event duration

_imes, use this method for calculating the influence coefficients.

The influence coefficients for launch azimuth are determined by for-

ward numerical differences which require the integration of the forward
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trajectory, to the terminal point based umon a given change in launch

azimuth. This method is used since a variation in launch azimuth changes

the orientation of the plumbline coordinates and thus the components are

misaligned from the nominal trajectory. The influence coefficients for

launch azimuth, AZ, are determined by the equation:

P

LZ = |9+ _ _NOM

AZ [ 7Az

The influence coefficients for the thrust event duration time, r
i'

are calculated analytically based upon =he change of the time derivatives

of the state at the termination of each thrust event and during a weight

drop event. At each thrust even= and weight drop, one of the following

equations is evaluated during the backward trajectory

and

LZ_ = gp T 1 Z
for the thrust event

•T ,
L Z = gp _Z for the weight drop

"W

When r. is a final time, p is set _o zero. When r. is an intermed-
l l

iate constraint time, p is also set to zero, but only for those values

of p pertinent to the multipliGation of the column of '\Z which correspond

to the intermediate constraints.
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Since the weight drop events are related to the thrust events by con-

stant input time increments, the influence coefficients for-the thrust

events can be updated by the weight drop influence coefficients by addi-

tion; therefore,

LZ = L Z + LZ
T. T.

"I l i

where i = ith thrust event and j - the number

of weight drops in the ith event.

Also, in order for the duration times to be parameters, all times

preceding a particular time parameter must reflect the change in a one-

to-one relationship; therefore,

_t. _t.

--'l = ---_m-- 1 for j > i
_r. _.

1 1

where ti and tj reflect the time from time zero corresponding to the term-

ination of the i and j thrust events. The influence coefficients for a

given time, therefore, must reflect the additional influence coefficients

which precede it;

LZ = LZ ÷_ LZ
T _ ' T.
i i J-i+l ]

where N is the total number of thrust events.

Grouping the control parameter influence coefficients into a matrix

LW], bLZ = [L_. the m+l x m+! parameter matrix IZZ can be formed as

b

b ee

Izz -- ib

]
| T W-I

b = LZ LZ

JI_,

The weighting matrix, Wb, will be defined in Section VI.
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Section 6

OPTLMIZATION.METHODOLOGY

6.1 STEEPESTDESCENTFORMULATION

After calculating the influence coefficients, the steepest ascent

formulae determine changes in the control parameters and variables which

will simultaneously maximize (or minimize) the payoff function and enforce
=he terminal and intermediate constraints. Denoting the vector of active

control parameters by b, and the vector of control variables by a, the

changes in the controls are given by the formulae

6a = --+W-la(Go - G_ I -I_ I_) E - W"la G_ I -Iw_k_

and

- i-i6b = + Wbl (L$ - L_ WW

where

. i a + I b

= a + i b
I_¢ I_¢ ,2¢ .

!_¢)E- Wbl L_ I-.I_ k_

The plus or minus signs in the above equation denote that =he pay-

off function e is to be maximized or minimized, the constant E(0 < E < i)

is chosen to aid convergence, the vector _ reflects the violations of

terminal or intermediate constraints, and k is a decimal fraction of the

constraint violation to be removed. By limiting in the initial itera-

tions the step taken by E and the amount of constraint to be removed by

k, the probability of convergence and the stability of =he scheme are

enhanced.

The changes of the control parameters and variables are added to the

present set and are used in the next forward trajectory. Changes in the

payoff function resulting from new control can be reflected in =he equation
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I -I E - I I -I k_

where

= i a + b
I_ _ I_.

6.2 AUTOMATICCONVERGLNCESCHEME

Determining the values of the parameters k, E, , and and

defining a method for signifying convergence is the responsibility of =he

automatic convergence scheme. The logic for picking k and E is straight-

forward and is directly related to =he iteration number. The first few
iterations can be thought of as "restoration" steps since the value of E,

the optimization coefficient, is set to zero. Unless otherwise specified

by input, a starting value of k is set at 0.25. The second iteration uses

a 0.5 for k, and the third iteration uses a full step by setting k = I.

By selecting a value of k in the region 0.5 _ k _ i., the first and second

iterations are eliminated and the third iteration procedure is used for

the starting value. All iterations following =he third iteration maintain

k = I. For the fourth iteration the optimization procedure starts by

using one-half of the input value of E (preset value is 0.8). The fifth

and subsequent iterations use the full value of E.

The choice of the weighting matrices W -I and -ia Wb is also dependent

on iteration number. On the first iteration, W-I is chosen at each
a

control variable time to be

W-I = i for pi::h ouly

a 6 2

i-i 2

n

1

i-i _ X?2

W -l

1

6 _2

1 !

6 _2 6 _2

i'i *Xp _Xy i=i _ Xy
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and Wbl- is chosen to be

m

iW! P1

0

W.'I .

0

i

m

0 , 0

W2P 2 0

0 . . . W =

J

where the Wi(i = I, n) is an input set of weighting numbers (preset equal

to i) for the n active parameters. On the first and subsequent iterations

the P. are chosen automatically so that the largest contribution of the
1

a

ith parameter to the diagonal of I_ is equal to one. Denoting the

i the
influence coefficients of the ith parameter on the constraints by L_,

p th scale factor is
1

"i
!

For the second and third iterations the constant Lagrange multipliers

on the constraints, u, are defined by the equation

u - -I-I
_ I,_.

Thereafter, u is formed by the equation

-i $ -i

where the minus sign is used if maximizing and the plus sign is used if

minimizing.
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Once the Lagrange multipliers, _J, have been calculated, the min-H

_echnique can begin on the op$imiza_ion of _he control variebles. The

Euler-Lagrange multipliers, _, can now be formed as

Along the trajectory the variational Kamil=onian H is found as

Through the min-H phase, the weighting matrix (Wal)- is set equal

to the second partial derivative of the Hamiltomian with respect to con-

trol variables, therefore, a= each point where the control variables are

evaluated the following equation is also determined

_7

a

32_ ;2_

?
; X=" 3X= 3Xv

2
X= 3Xv ; :<v

where the minus sign is used if maximizing and the plus sign is used if

minimizing.

The elements of H are defined by the equations
aa
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m

|

_Xp _Xy

_Fz _Z

_x__x_
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. ary il a_z_i arx _i
Z +-------+ +--

_x_ _xz _ _xx ixy_
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+ . ÷ Fzry _p °×x %,._×,:

?.2 r

ixy ix_

}2 li "_ "
_T "- D

2 2

_x_ _x_,

axz sxz axzSxz

More detailed explanations of the partial derivatives are given in

Appendix F.

On each i_era_ion a normalized total influence coefficient for each

parameter L. is formed as
1

L i "

L_i + v L$i
i| , ,,

J-!,a L$ i

Prior to the sixth iteration, the input values of W. are used in the con-

of W_ I. For the sixth and subsequent iterations, each Wi isstruction

altered according to the following logic

W. u_cha_Sed

W i umch_ged if

Li _ .005

_resenc / "ias_ i
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otherwise

W. _ _ W if L - L

l " i ipresen t ilast

I

_L i< present

Wi - Wi/2 if ILi - L. > ILlpresent llas_ -- present

This dynamic updating of W i will generally ensure smooth convergence of

the parameters The relative magnitude of the W. on a converged run can• 1

be used as a guide in picking input values of W. for a similar trajectory1

and more rapid convergence.

Convergence of the trajectory is determined by a sequence of tests

on the control parameters, the control variables, the total influence

coefficients, and the iteration number. The tests are:

• The number of iterations has to exceed five

• The absolute value of the =oral influence coefficients for the

i th parameter, ILil < 0.005.

• The change in a thrust event duration time, jar I J 0.5

• The change in liftoff weight, gWLo < i00. kg

• The change in launch azimuth, AA z < .005 Azi_! I (i-i denotes =he
-- i previous value)

• The change in booster pitch attitude, _Xpl < 01 I"_ • Xpi_ I

ig
, The change in booster yaw attitude, I xYI .01 •IYi_ i

used in the

attitude

polynominals

in the

booster

The change in throttle parameters,

Afil < .01 fi-i

• The change in beta history parameters, ASj _ .011Bj_ I
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• The test for the control variables is

dXp Imax

or

dxy max

and IdxyI are the maximum increments in pitch andwhere Id×p Imax max

yaw, and H is the matrix of the first partial derivatives of the
a

Hamiltonian with respect to the control variables.

If any test does not meet the tolerances, the trajectory, has not converged

and the iteration process will continue. If all tests meet the tolerances,

the converged trajectory is printed and the case is terminated. In most

cases, the tolerances for the test are preset and cannot be changed by

input.
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Section 8

USERS' MANUAL

This manual has been prepared to aid the users of the Minimum

Hami!tonian _scent S_huttle Trajectory E_valuation (MASTRE) program.

Presented herein is general information concerning the inputs required

for simulating various trajectory problems, detailed descriptions of the

input variables and the input format. Program output options and associ-

ated formats are discussed in the context of a specific example.
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Section 9

IMPLEMENTATION OF TRAJECTORY PROBLLMS ON TEE MASTRE qROGRAM

The implementation of a trajectory problem on the MASTRE program

necessitates that the user understand the basic input mechanics and be

aware of the various available options. Through proper option selection,

the MASTRE program can be used to simulate a variety of trajectory prob-

lems varying from simple point mass trajectories to complex atmospheric

moment balanced trajectories. This flexibility stresses the importance

of understanding the available options. This section contains a

discussion of the program options and explains the methods of setting up

a trajectory problem.

9.1 THRUST EVENTS

The trajectory profile is simulated and setup in the MASTRE program

as a succession of up to 15 thrust events of which one or more describe a

complete physical stage. A thrust event is a period of time characterized

by a continuous thrust profile (constant, zero, or varying in a continuous

fashion). Each thrust event is initiated at the termination of a previous

event except, of course, for the first event which initiates the trajectory.

Figure 9-1 shows a typical thrust event profile for the space shuttle.

In this example, the first stage (orbiter and booster) has three thrust

events and =he second stage (orbiter alone) has five thrust events. These

times, as shown by the figure, reflect major events in the trajectory sim-

ulation. The uncircled numbers represent the thrust events and the circled

numbers are referred to as "picket" numbers. The "picket" number is

analogous to a picket fence in that there is always one more picket than

there are boards. A great deal of generality is gained by allowing many

of the input values to be dependent on either the number of the thrust

event or the picket, thus reducing the number of time dependent inputs.
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Figure 9-i. Typical Thrust Event Profile

Input associated with the thrust event or picket describe in detail

the characteristics of a particular period of time. However, since some

data are applicable to more than one thrust event, a distinction is made

between data associated with the entire trajectory, stage dependent data,

and thrust event related data. Table 9-1 provides a breakdown of the

input variables into these input classifications.

9.2 ATTITUDE CONTROL OPTIONS

The complexity of the first stage aerodynamic model prevents the use

of _'_-H optimization scheme in the determination of the first stage

attitude. Therefore, additional attitude control options are available

to use during simulation of the first stage (of course, these options are

not restrictive to the first stage and can be used whenever a particular

orientation is required; i.e., the turnaround maneuver during the return
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_SSO .....

Table 9-I. Data Grouping

ZMTZ&E "_ACESTORY : STAGE :: THRUST EVENT

Lift-Off _WeioI_:

Flight AzimuIh

_ongi:u:e of .sunc._

Latitude of _auncK

Engine Data

'_inaTables

0D:imi zL,_Parameter

Selection =lag

Constraint Definition

Coaes (see Subsection 9.5)

_ni_.ial State Reouiremen:s
Cif Jump $,art)

'_P_.Reference Soeci?ic

_DU _se _t_e

Liau_c 5oos: _ooule _L.=M)

Data

Zni:_al Time

Ju_ S_ar'. :lag Case _o.

:n:egre:ion Seiec-._on :_ag

',BacKwar_ an= ForwarD)

_os:_rocessor Co,ion -'lag

Or!hi 0D1ion -'_a@

A1:tituae ._on_rol O_=ion

=lag

Ol}_im_zation Parameters

Ear_.h Mo¢lel _arameters

in_e_ratlon Limits

;_eigm_ing ;ac'.ors on
Parameters

-Booster Stage Only

"'(145 an(lRC_ _ngines Only

Aerodynamic Coefficient Tables

Base Force Tables

Center-of-Gravity Tables

Aerooynami_ Reference Leng:_

At:i:u_e Polynominal 0roar

Attitude _ngle Tables

Number of Thrust £ven:s bar Stage

Control OD:ion Sw_tcm

Aerodynamic Moment Reference _oint
Locations

Soli_ Roc_e_ Booster (SRB) Date"

_ngle-of-_t:ack _ata"

Time of Vertical Rise Termination"

iTime of Ro_I _aneuver Initiation"

Time of T_It-Over _aneuver Termina:ion-

iVacuum -hrus: Leve_ *"

IMass :lowraIe--

iAccelera:ion Limit

ENumoer of Engines

'Throttle Do:ion :_ag _MPS oniy)

iJettison '._igrit""

DroD _eigBt "n

;'" _urat_on of _vent

'T_me from _Icke: :o aeigm_
;Drop _vent

Number of '_eignt _ro@s _er
iThrust _ven:

In%egra_ion S:e_ Size =or
_orwarc _ntegration

Integration Stab _ize for

BacKwar_ _ntegrat_on

m-in: _m:ervai

_PS "hrOTtle

Aerocynamc Reference _ree

•"_'Jet¢tson refers to weight @roobe_ only at tMe ena of a thrust event, wnerUs arob weigh: can be
aroooea at any time.
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to launch site (RTLS) mission). The following three attitude control

options are available:

th
• Attitude control based on time dependent n order pol.vnominal

equations.

• Attitude control based on Mach number dependent tables of angle

of attack and sideslip angle.

• Attitude control based on attitude angle tables used by the

Space Shuttle prime contractor, Boost Reference Coordinate System,

[pitch (@) and yaw (4) angles are functions of earth-fixed

velocity and roll (_) angle is a function of time from launch].

Using the second method, a near optimum attitude profile can be

attained for either a portion of or the entire (excluding the lift-off

sequence) booster trajectory. Optimization requires the parametric

variation of =he angles used in =he definition of the polynominal

expression(s). Use of the first or third method precludes optimization

of the attitude history. The input variable 'IFACT' is used as a flag

to indicate which option is desired.

9.2.1 An_le of Attack/Sideslip An_le Control

Angle of attack/sideslip angle control (IFACT I 2) requires that =he

booster trajectory be subdivided into a minimum of three attitude phases:

.

.

.

A vertical rise phase where attitude is determined referenced

=o the Earth model.

A tilt over maneuver consisting of attitude polynominals (in

most cases linear pitch and yaw functions) which are used to

force the relative velocity into =he desired flight plane.

(This portion of the trajector 7 can be optimized by the

variation of the angles used to define the polynominals).

Continuation of the booster simulation based on the angle of

attack/sideslip angle history.

The first phase requires only the input of the end time of the vertical

rise maneuver (represented as the input mnemonic TLIFT) and requires no

additional input. The second phase begins at the end of the vertical
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rise manueverand ends at the time TTILT. Other inputs for this phase
are described in Paragraph 9.2.2. The third phase begins a_ TTILT and

terminates at either booster separation or prior to a thrust event
specified by the input flag 'LPOLY' (see Paragraph 9.2.2). During this

phase, the angle of attack table is input by the array TALFP, the side-

slip table is input by the array TBETA, and the Mach number table is

input by the array TMACH.

9.2.2 Attitude Polvnominal Control

Two sets of attitude polynominals of the form

X = a 0 + a2t + a2t2 + ... + an tn

are available for a variety of uses. As discussed in the previous

paragraph, the tiltover maneuver (phase 2) uses a polynominal expression,

in most cases linear, to describe the attitude history during this maneuver.

Input requirements for this maneuver are the end of the tiltover time

(TTILT), the order of the pitch and yaw polynominal expressions (input as

the first value of KP and KY, respectively), values of pitch and yaw

attitude angles which define the initial guess for the polynominal

expression (CPTBL and CYTBL, respectively), and table values of incre-

mental time from the beginning of the tiltover maneuver; (TTBL(I-15)

corresponds to the pitch values and TTBL(16-30) corresponds to the yaw

values). Continuity of the attitude angles between the vertical rise

maneuver and the tiltover maneuver is maintained by internally setting

the first values of CPTBL and CYTBL to the current values.

Optimization of the tiltover maneuver polynominal expression (except

for the first values CPTBL(1) and CYTBL(1)) can be obtained by setting

corresponding values of the parameter optimization indicator, KDB, to

one (see Paragraph 9.5.2). For user convenience, the method of parameter-

izing the attitude angles in the construction of the polynominal

expression is used rather than the polynominal coefficients.
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A value of !FACT equal to one indicates that booster attitude follow-
th

ing the vertical rise phase will be determined via an n order polynominal

expression. Input for this option is the same as for the tiltover maneu-

ver with the exception of the tiltover termination time (TTILT).

Continuity of the attitude profile is again maintained by restricting

the first values of the attitude angle tables to be equal to the terminal

vertical rise attitude. Optimization of these polynominals is handled in

the same manner as the tiltover maneuver polynominal.

During the latter part of the booster trajectory or prior to the

beginning of the min-H optimization, additional pitch and yaw poly-

nominal expressions can be used in conjunction with the attitude

control as specified by IFACT. The input variable IPOLY is used to

indicate an additional expression starting at the beginning of the IPOLY

thrust event. The order of the polynominals are input as the second

values of the input variables KP and KY. Placement of the input in the

attitude angle and time tables is based on the first value of the KP and

KY array such that the pitch attitude angles are CPTBL (KP(1) + 2) through

CPTBL (i0), the yaw attitude angles are CYTBL (KY(1) + 2) through

CYTBL (15), the time tables are TTBL (KP(1) + 2) through TTBL (15) for

pitch and TTBL (KY(1) + 15) through TTBL (30) for yaw. These polynominals

can be optimized in the same manner as before by proper selection of the

KDB array. For this option, attitude continuity between the beginning of

this attitude control and the ending of the previous method can be main-

rained by placing a zero in the KDB array corresponding to the first

attitude angle of the additional poiynominal. However, continuity will

only be maintained if the polynominal is to be optimized (therefore, if

the corresponding KDB array for both the first and second attitude angles

are zero, continuity will not be enforced).

9.2.3 Attitude Control Based Upon the An_!es Theta (9) I Psi (V)_ and

sigma (_)

A value of IFACT- 3 implies that the attitude control from lift-off

to booster separation will be a function of the Boost Reference Coordinate

System attitude angles there (9) (pitch), psi (4) (yaw), and sigma (_)
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(roll). The angles theta and psi are input as tabular functions of earth-

fixed velocity and the sigma angle is input as a tabular fumction of time

from launch. The input mnemonics are CPTBL (1-30) for the theta angle,

CYTBL (1-30) for the psi angle, and SIGTAB (1-20) for the sigma angle.

The independent earth-fixed velocity table is input TTBL (1-30) and the

independent time table is TTABLE (1-30). When using this option neither

the vertical rise maneuver nor the tiltover maneuver are required. No

optimization parameters are available when using this option.

9.2.4 Attitude Control Usin S the Min-H Optimization Techniqu 9

Any time following first stage the min-H optimization technique can

be used to define the vehicle attitude. Initiation of this method is de-

noted by the input variable ".MINH" which indicates the thrust event that

min-H optimization will begin. The attitude history during the min-H

phase can be divided into three independent segments of which each seg-

ment is specified by the initiation and terminal picket number (NBGCT and

h_CT, respectively), the number of table points in the segment (NP), and

the table values of time and attitude angles. During this phase the user

can select either in-plane (pitch plane only) or pitch and yaw control by

setting the input values of KWTA equal to 2 or 3 respectively for each

segment. For example, if pitch and yaw min-H optimization is used on the

trajectory presented in Figure 9-1, the input would be: MINH- 4, KWTA - 3,

3, 3, NBGCT = 4, 5, 6, and NENDCT - 5, 6, 9. The number of points in each

attitude angle-versus-time table for each segment cannot exceed 29 points

and must be an odd number of points (>i) due to the use of Simpson's Rule

in the evaluation of the backward trajectory. Referring to Figure 9-1, if

the number of table points in the first burn is 15 and 29 points are

required for the second and third segments, the input would be: N'P- 15,

29, 29.
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Values of the independent time table and dependent pitch and yaw

attitude tables are input through the arrays TOBL, CPOTBL, and CYOTBL.

For each segment there are 29 points available to be used where TOBL,

CPOTBL, CYOTBL (1-29) are for the first segment, TOBL, CPOTBL, CYOTBL

(31-59) are for =he second segment, and TOBL, CPOTBL, CYOTBL (61-89) are

for the third segment. Although the user may require up to 29 points for

a given segment, all 29 points in the attitude angle array are not

required as input. The reason is =hat the program, by linear interpola-

tion, initially determines the attitude values at discrete points based

upon the estimated values given in the input regardless of the number of

points input. After the initial iteration, however, the optimization

algorithm continually alters both the independent and dependent tables

and stores the required number (NP) of updated variables. For the above

example, the input would be of the form:

TOBL=123.77, 208., CPOTBL= 60., 70., CYOTBL=5., 6.,

TOBL(31)-208., 265., CPOTBL(31) _70., 85., CYOTBL(31) -6., 7.,

TOBL(61) -265., 480., CPOTBL(61) =85., 105., CYOTBL(61) = 7., 10.,.

After the firs= iteration, the above linear tables are adjusted and stored

accordin Z to the number of points specified by the input array N-P.

9.2.5 Post Launch Roll Maneuver

All of =he booster attitude options, except for the 5, _, and

option (IFACT- 3.), can use a roll maneuver which simulates the post-

launch rotation of the vehicle so that the orbiter tail fin is in the

flight plane. This maneuver begins at =he input time TCHIR and ends

at a time defined by =he angular requirement (the angle between the

initial placement, defined by =he input value FAZ, and final placement

of the orbiter tail fin) divided by the roll rate (CKRDOT). If =his

maneuver is not required, the value of CHRDOT should be zero. At the

termination of =his maneuver, =he orbiter tail fin is pointed in either

a local up or down position based upon the value of the flag IHEAD

(IHEAD - 0, up; IHEAD - I, down).
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9.3 INPUT REQUI_NTS FOR THE EQUATIONS OF MOTION

Although the MASTRE program provides a three degree of-freedom

simulation, the aerodynamic, thrust, and gravity modeling reflects the

complex equations of motion of the Space Shuttle. This paragraph pro-

vides an overview of the input requirements for these models.

9.3.1 Aerodynamic Model Input

The aerodynamic variation between the orbiter-ET configuration and

booster configuration have forced the use of two sets of aerodynamic

input. Because of the large amount of data, the program uses the auto-

mated aerodynamic data base for the majority of the aerodynamic input

(see Section i0). This feature minimizes data handling by the user and

allows current access to the latest aerodynamic data. The Namelist

array AEROIN can also be used for aerodynamic input. Since all variables

in the AEROIN array are on the aerodynamic data base, all data input via

the Namelist array will update the data base information. The only

exception to this is the first stage aerodynamic coefficient tables which

are not in the AEROIN array and therefore cannot be altered by user input.

The input mnemonics, the array sizes, input variables descriptions, and

preset values are discussed in Section 10.

9.3.2 Thrust Model Input

Six propulsion systems can be simulated in the MASTRE program. These

systems are compatible with either current or future Space Shuttle pro-

pulsion systems. Current systems are the Solid Rocket Motors (SRM), the

Main Propulsion System (MPS), the Orbital Maneuver System (OMS), and the

Reaction Control System (RCS). The Liquid Booster Module (LBM) is a future

system designed to auEment the booster configuration thus providing an

increase in the Space Shuttle payload-to-orbit capability. To accommodate

future propulsion systems, additional space has been reserved to facili-

tate coding.
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An attempt has been made in the programming of these propulsion

systems to generalize the input requirements but because of- the unique-

ness of each system, a totally general input was impossible: However,

four input variable arrays do define, in a general nature, certain

information concerning all propulsion systems. These input arrays are

ENGDAT, NSYST, TNE and PROP.

The variable LNGDAT is defined as a double dimensional array,

LNGDAT(8, 15), where the first dimension consists of eight data items

associated with a particular propulsion system and the last dimension

allows up to 15 propulsion systems. The first eight data items are

defined as follows:

LNGDAT(I,I) - longitudinal location (X coordinate) of engine i

ENGDAT(2,1) = lateral location (Y coordinate) of engine i

LNGDAT(3,I) - vertical location (Z coordinate) of engine i

_NGDAT(4,I) = pitch cant angle of engine i

_qGDAT(5,1) = yaw cant angle of engine i

_NGDAT(6,I) = vacuum thrust of engine i at 100% (reference) power level

LNGDAT(7,I) = propellant flowrate of engine i at I00% (reference) power level

LNGDAT(8,I) = nozzle exit area of engine i.

The integer array NSYST relates =he Space Shuttle propulsion systems

=o the LNGDAT input.

i - MPS

2 - SRM

3 - LBM

A - OMS

5 - RCS

6 -

The values of NSYST represent:

(open for future system).

The fifteen locations of the NSYST array have a one-to-one matching with

the fifteen locations of LNGDAT.
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The TNE variable array is a double dimensioned array, TNE(6,15),

where the first dimension relates to the six propulsion systems and the

latter dimensions to the thrust event. The array is used to specify the

number of engines of that type that will be used. For example, an input

of TNE(I,3) - 3., 2., 2., 0., 0., 0., indicates that in the third thrust

event three MPSs, two SRMs, and two LBMs will be simulated. The number

used in the THE array should be less than or equal to the number of

propulsion systems of that type as indicated by the NSYST and ENGDAT

arrays. The PROP input array defines the amount of propellant allotted

to each system. This array allows for the integration and printout of the

separate weight time history of each system.

Section 10 defines the input requirements for all propulsion systems

and in most cases is straightforward. The variation in M_S propulsion

system input, however, might be confusing to the user. The variable array

MPSFLG is a thrust event dependent flag used for denoting the type of MPS

throttling history to be used. A value of one indicates that the throttle

history will be constant during the thrust event. Associated wi_h constant

throttle is the input array THROT.

A MPSFLG value of two indicates that the throttle history will vary,

in a linear fashion, based on the tabular arrays TIMMPS and FTBL. TIMHPS

is the time from SRB ignition and FTBL is the corresponding thrust throttle

value (109% is input as 1.09).

A MPSFLG value of four (MPSFLG - 3 is currently not available)

indicates that an acceleration limit is anticipated and will be simula-

ted whenever the total acceleration reaches the specified limit. The

acceleration limit is input by the thrust event dependent array GLIM.

Before the acceleration limit is reached, the input array THROT is used

to specify the throttle level.

There are several MPS inputs which are used regardless of the value

of MPSFLG. These are TAUALT and TAUTBL which are tables used to deter-

mine altitude dependent levels of minimum throttle; TAULIM, TIMTAU, and
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NTAUwhich are used in the throttle optimization; and TIMISPand !qIFISP
which are tables used to define =he specific impulse as a f_nction of

time from SRBignition for the 100%or reference power level.

9.3.3 Gravitation Model Input

All gravitation model input is preset by the program, but can he

changed via =he namelist 'IN-PUT' array. Section i0 describes =he input

parameters.

9.4 INTEGRATION SCHEMES

The MASTRE program has three integration methods available which

are selected by the input variable KIND. If KIND- i, an Adams-Moul=on

fourth-order scheme is used which has the ability to select its own

stepsize. However, the initialization of _his integration requires four

Runge-Kutta steps using a fixed stepsize. These stepsizes are input by

the user as STEP; therefore, the user should carefully select =he value

of STEP. The user should avoid =he use of small print intervals since

maximum stepsize is controlled by the print inte._val, input PRINT. PRINT

should be even multiples of STEP. The minimum stepsize is based upon

=he input variable _N.

If KIND12 or 3, a fixed stepsize fourth-order me=hod is used with

the stepsize based on the value of =he input array STEP. A Runge-Kutta

integration is used when KIND= 2, and fixed step Adams-Moulton integra-

tion is used when KIND _ 3.

9.5 OPTIMIZATION MET_ODOLOGY

The flow logic of the MASTRE program assumes =hat every problem

simulated will determine the maximum or minimum of some payoff function

subject to a set of terminal and intermediate constraints by the optimi-

zation of the attitude angles during =he min-H phase and the optimization

of certain trajectory parameters. The user can select a variety of

cons=taints and parameters by proper selection of input flags.
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9.5.1 Selection of the Payoff Function and the Terminal and

Intermediate Constraints

A large library of parameters can be used either as the payoff

function, terminal constraints, or intermediate constraints (see Table

9-2). The user specifies which parameters will be used by placing the

library code number in the input arrays KCDPHI and KCDRES. The first

value of the KCDPHI array corresponds to the payoff function (KCDPHI(1))

and latter values (KCDPHI(2-10)) correspond to terminal constraints.

In conjunction with KCDPHI(2-10) the required values of the constraints

are input into the array PSIEEQ(I-9).

The input array KCDRES is used to identify intermediate constraints.

These intermediate constraints are enforced at the termination of the

thrust events specified by the array NVRST. Corresponding to KCDRES,

the required values of the constraints are placed in PSIRST. A maximum

of four intermediate constraints are allowed.

The following information should be noted by the user when using

the constraints of Table 9-2:

• If the orbital velocity constraint (code number 14) is used,

radius (code number 4) must be included as an additional con-

straint and the value of PSIREQ or PSIRST for the orbital

velocity constraint must reflect the radius 180 degrees away

from initial orbit (to specify the orbit requirements). After

initial calculations, the value of PSIREQ or PSIRST is set to zero.

• The linear relationships in constraint codes 18 and 19 are defined

by the input VRINT and VSLOPE. VRINT is the zero range intercept

and VSLOPE is the slope of the desired curve. In both constraints

a value of zero in PSIREQ or PSIRST indicates that the solutions

on the constraint curve (VRINT(1) and VSLOPE(1)) are for terminal

constraints and VRINT(2) and VSLOPE(2) are for intermediate

constraints.

9.5.2 Selection of the Control Parameters

In addition to the min-H optimization of the attitude control,

several trajectory parameters can be optimized using the steepest ascent

algorithm. The specification of these parameters is input by using the
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Table 9-2. Constraint Codes

LIBRARY, NO. SYMBOL FUNCTION NAME I UNITS

1

2

3

5

6

7

8

9

I0

II

12

13

14

15

16

17

18

19

20

Mf

VI

YI

R

VE

AZE

YE

i

aN

_V

QMAX

H

aVRTLS

AVA

RNG

Cutoff Weight

Inertial velocity

Inertial flight-path angle

Radius

Not used

Not used

Earth fixed velocity

Earth relative heading angle

Earth fixed flight-path angle

Inclination

Inertial descending node from
Iauncn

Not used

Not used

Orbital velocity including
oblate effects (Reference 8)

Maximum dynamic pressure

Stagnation heating indicator

Not used

Relative velocity increment from
linear relationship between

relative velocity and range
(RTL$ terminal condition)

Velocity increment from linear
relationship between ET propel-
lant V available and range
(RTLS initiation condition)

Range from the launch site

kg

m/sec

deg

m

m/sec

deg

deg

deg

deg

m/sec

Ib/ft 2

btu

mlsec

m/sec

NMi
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locations of the input array KDB. Each non-zero location of this array

signifies to the algorithm that a corresponding parameter will be

optimized. Table 9-3 shows the parameters assigned to the KDB array.

LIBRARY NO.
i

1-15

16

17

18-24

25-28

29

3O

31

32-34

Table 9-3. Optimization Codes

PARAMETER NAME
ii ii i

Burn time for ith thrust event

Liftoff weight

Launch azimuth

Booster pitch attitude

Booster yaw attitude

Time to start MPS throttle ramp

Time after maximum dynamic pressure

Value of throttle at bottom of ramp

Values of sideslip angle history

SYMBOL
ii

WL0

AZk

XPB

XYB

t s

t e

f

9.6 SIMULATION OPTIONS

The following paragraphs discuss several simulation options available

to the user.
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9.6.1 JumD-Start Option

Reinitialization of the orbiter trajectory at the beginning of a

given thrust event is signified by the input variable JUMP.- Nominally,

the value of JUMP will be equal to one which specifies that the trajectory

will be initialized on the ground. In this case, the normal ground-to-

insertion logic will be maintained. No additional state vector input is

required except geodetic latitude (ALAT), longitude (ALONG), altitude

(ALTLS), and launch azimuth (AZ).

If JI2MP> i, the trajectory will be initiated at the beginning of

the thrust event specified by JUMP. In this event, the additional input

array VIV, the starting time TZER0, and the starting weight WOI must

reflect the state. The trajectory cannot be jump-started in the booster

phase.

A special option using the jump-start logic has been coded to imple-

ment the current Space Shuttle shaping philosophy. This involves shaping

an initial trajectory to meet pseudo shaping constraints and the deter-

mining the abort-once-around (AOA) trajectory, the nominal trajectory,

and the return-to-launch-site (RTLS) trajectory from a point on the

initial trajectory referred to as the mode boundary point. The shaping

of these trajectories can be accomplished in one run by using the input

variables ISTART and JSTAKT. The variable ISTART signifies to the pro-

gram that state conditions including time and weight will be stored at

the beginning of thrust events ISTART(1) and ISTART(2). The variable

JSTAKT indicates the value of the thrust event in ISTART(1) or ISTAKT(2)

which will be used in the next case. If ISTART = 7, i0, for the first

case and JSTART- i0, the state conditions at the beginning of the 10th

thrust events are stored and placed in the proper position (VIV, TZERO,

W01) for the second case. Therefore, no state input is required for the

second case. In the second case, a value of JSTART = 7 indicates that

the next case will begin at the 7th thrust event of the initial case.

In all preceding cases, the value of Jl_ is set equal to the value of

JSTART of the prior case.
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9.6.2 Atmosphere Options

Nominal, hot, and cold atmospheric subroutines are available for

both the Eastern and Wes=ern Test Ranges.

9.6.3 External Tank (ET) Propellant Jettison Weight Option

When using the ISTART option of Paragraph 9.3.1 for a post-MECO

burn, the total ET jettison weight directly after MEC0 is not known

because of the uncertainty of the amount of umused propellant. This

option determines the correct jettison weight for the JETET =hrust

even_ by using weights in =he weight summary output subroutine SUMARY.

The equation for the calculation is:

WTJET(JETET)- WMECO - WOMS/IG+ W S/rRAppED +

where

WJJET - calculated jettison weight occuring at the end of the JETET

thrust event (JETET is input)

WMECO - injected weight at MECO

WOMS/IG - orbiter weight at OMS ignition

WM_S/TRAPpE D - trapped MPS propellant (orbiter and SSME)

WFp R - flight performance reserve (orbiter and SSME).
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Section i0

ITEMIZEDDESCRIPTIONOF INPUTVARIABLES

The large quantity of input required to simulate a Space Shuttle
trajectory has dictated the use of multiple namelist arrays and access

to the Shuttle aerodynamic data base. Namelist arrays have been defined

which subdivide the data into three types: one - trajectory data,
exclusive of aerodynamic data, located in namelist INPUT; two - aero-

dynamic data located in namelist AEROIN; and three - data associated with

the table output post-processor. Due to the length of the first stage

aerodynamic coefficient tables, these tables have been omitted from the

regular areodynamic data namelist array. Table 10-i provides an input

variable index which gives the location of the variable with respect to

the namelist array. A further subdivision places each variable into

categories which provide additional user ease in location of the variable.

Tables 10-2, 10-3, 10-4 and 10-5 breakdown the input variables into

namelist arrays and categories providing input mnemonics, units, descrip-

tion, and preset values.
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Table I0-I. Input Variable Index

ALAT A- 13

ALONG A- ] 3

ALTBAS B-3

ALTLS A- 13

ALTTBL A-g

AYL A- 12

AZ A-t3

AZWTBL A-g

BAXIAL B-3

BEU A-12

BNMN A-12

BKFABT B-3

BKFTHR B-3

BNORM B-3

BPIT B-3

BSTEP A-12

BYL A-12

CAA O

CAALP B-2

ASE A- I

CAO B-2

CBAXIL A-8

CHRDOT A- 7

CHVEL A- 14

CJ A-ll

CLA 0

CLBETA B-2

CLO B-2

CMA O

CMALP B-2

CI_K) B-2

CMUE A- ll

CNA D

CNALP

CNBETA

CNBO

CNO

CPOTBL

CPTBL

CXA

CYA

CYBETA

CYO

CYOTBL

CYTBL

DATE

DELALT

DELCA

DELCM

DELCN

DELFAB

DELVG

DJ

DPZ

DTZ

ELEVON

EMACH

ENGDAT

EU

FAZ

FLAT

FOMS

FRRFAC

FRCS

_BL

GUM

B-2

B-2

B-2

B-2

A-7

A-7

O

O

B-2

B-2

A-7

GZERO

H

HEAD

HMN

ICONSW

IFACT

IHEAD

IPOLY

IPR

IRTAOA

IRTLS

A-7 ISTART

C ITOL

A-8 JETET

A-8 JSTART

A-8 JUMP

A-8 KCDPHI

A-8 KCDRES

A-3 KDB

A-ll KDT

A-15 KIND

A-IO KINDB

B-4 KP

B-4 KRDER

A- 2 KRDERB

A-12 KWTA

A-13 KY

A-11 LAST

A-5 LPRINT

A-15 MINH

A-5 MISION

A- 3 MPSFLG

A-3 MSWCH

A-ll

A-ll

A-I

A-12

A-14

A-7

A-7

A-7

A-3

A-14

A-I4

A-14

A-8

A-14

A-14

A-13

A-14

A-I4

A-14

A-14

A-12

A-12

A-7

A-12

A-12

A-7

A-7

A-I

A-14

A-15

A-l

A-3

A-14

A - NAMELIST 'INPUT'; B - NAMELIST 'AEROIN'
O - DATA _SE ONLY.

NBETA A-7

NBGCT A- 15

NCASE C

NCOAST A- 14

NENDCT A- 15

NMAX A-14

NOBASE A-8

NOEVNT A-6

NOTAB C

NOWD A-6

NP A-IS

NSYST A-2

NTAeLE A- 14

NTALPH B-l

NTAU A-3

NTBETA B- l

NTMACH B-l

NVRST A-14

NWIND A-g

OFFICE C

OMEGA A-1l

ORBASE B-3

PNM B-2

PRINT A-6

PROP A-2

PSFTM A- 11

PSIREQ A-14

PSIRST A-14

PTKG A- 1l

PTN A-l1

QMAX A-14

QREFT B-3

QY A-15

OR DATA BASE;

RATIO

RE

S

SIGTAB

SPRADB

SRID

SRMAE

SRMFTB

SRMI'TB

SRMWDT

STEP

SYRADB

TALFP

TALPH

TALYH

TAUALT

TAULIM

TAUT

TAUTBL

TAUW

TBDWT

TBETA

TCHIR

THRLBM

THROT

TIMISP

TIMLB_4

TIMMPS

TIMTAU

TITLE

TLIFT

TMACH

TNE

A-3 TOBL

A-II TOL

A-8 TOMACH

A-7 TRFISP

A-7 TTABLE

C TTBL

A-4 TTILT

A-4 TXCG

A-4 TXMAC

A-4 TZCG

A- 12 I'ZERO

A-7 VAEROD

A-7 VIV

B-l VRCUT

B-I VRINT

A- 3 VSLOPE

A- 3 WDDUMP

A-6 WDLBS

A-3 WDOMS
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Section ll

DETAILEDOUTPUT DESCRIPTION

The output for the MASTRE program is described in this section.

output is divided into the following groups:

I. Initiation output;

2. Trajectory block output;

3. Iteration output; and

4. Postprocessor output.

The

Ii.! INITIAL OUTPUT

Initial output is "the printout of the variables input via the Name-

list arrays 'AER@IN' and 'INPUT'. This output describes the current

status of these variables in memory. In a multiple run job, one con-

sisting of more than one trajectory simulation, the Namelist array

'._ER@IN' output will only appear on the first trajectory simulation (the

assumption has been made that the aerodynamic data will not change for

multiple runs.)

11.2 TRAJECTORY BLOCK OUTPUT

Parameters associated with equations of motion, as well as other

pertinent data, are printed in the trajectory block output. Printing of

the block output occurs on the first (or nominal) and converged tra-

jectories and is based on either describing discrete events or print

interval. A page of output, as shown in Figure ii-I, consists of two

blocks of print. The caption at the upper left hand corner of the block

identifies the significance of the particular printout. If a caption is

not shown, either a print interval has been completed or a thrust event

has been terminated. Discrete events are described by the following

captions:
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IGNITION

LIFT@FF

THRUST_EVENT

BEGIN^C@AST

ENDC_AST

BEGIN^TILT

END^TILT

SRB^SEPARATE

BEGIN^MINH

LBM^IGNITI@N

LBM^SEP._RATE

MAXADYN^PRESS

BEGIN^R#LL

END^ R@LL

INTERMEDIATE

Rrns/A_A

G-LIMIT

MPS ^ THROTTLE

WEIGHT DR_P

INJECTI@N

- Initiation of the trajectory from launch

site or jump-start conditions

- Initial movement of the vehicle from launch

site when =oral acceleration, less gravity,

is equal to one

- Beginning of a thrust event

- Beginning of a coast thrust event (specified

by NC@AST)

- Coast uhrust event termination

- Beginning of tilt over maneuver

- Tilt-over maneuver termination

- Separation of the Solid Rocket .Motors

- Min-H control has been initiated

- Begin simulation of Liquid Boost Module engines

- Separation of Liquid Boost .Module

- Maximum dynamic pressure

- Begin initial roll maneuver to place the

orbiter pitch plane in the flight plane

- Roll maneuver termination

- Time point on the trajectory where the

intermediate cons=taints are evaluated

- Special intermediate point denoting

mode boundary

- Begin continuous throttle based on

acceleration limit

- Discrete changes in main propulsion system

throttle history (booster stage only)

- Weight drop event

- Terminal trajectory constraints are

imposed at this time
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The block printout consists of 22 lines of output having the following

labeled m_e_nics :

Line I

TIME -

VSUBE -

GAME -

AZE -

THRST -

_LMLB -

instantaneous time (see)

earth-fixed velocity (m/see)

earth-fixed flight path angle (deg)

earth-fixed azimuth (deg)

total vehicle thrust (ibf)

total weight (ibm)

Line 2

R

VSUBI -

GAMI -

AZI -

GCLAT -

L@NG -

radius from center of earth (m)

inertial velocity (m/set)

inertial flight path angle (deg)

inertial azimuth (deg)

geocentric latitude (deg)

longitude (deg) (positive east of Greenwich)

LINE 3

ALT -

VSUBR -

GAMR -

altitude above ellipsoid (m)

relative velocity (m/see)

relative flight path angle (deg)

GDLAT - geodetic latitude (deg)

N@DE - inertial descending node (deg)

LINE 4

Z8-X -

X8-4 -

YS-Z -

Shuttle 8 Z position coordinate, MASTRE X coordinate (m)

Shuttle 8 X position coordinate, MASTRE Y coordinate (m)

Shuttle 8 Y position coordinate, MASTRE Z coordinate (m)

ZD8-W - Shuttle 8 Z velocity coordinate, MASTRE W coordinate (m/see)

XDS-U - Shuttle 8 X velocity coordinate, MASTRE U coordinate (m/see)

YD8 V - Shuttle 8 Y veloci=y eoord.inate, MASTRE V coordinate (m/see)
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LINE 5

CHIP

CHIY

CHIR

TIMP

LTIMP

LNGMP

- pitch attitude angle (deg)

- yaw attitude angle (deg)

- roll attitude angle (deg)

- time to impact point (sec)

- geocentric latitude of instantaneous (vacuum)

impact point (deg)

- longitude of instantaneous (vacuum) impact

point (deg)

LINE 6

THERI - pitch attitude amgle in Boost Reference coordinate

system (deg)

PSIRI - yaw attitude angle in Boost Reference coordinate

system (deg)

PHIKI - roll attitude angle in Boost Reference coordinate

system (deg)

INCL - inclination (deg)

RANGE - relative range from the launch site to vehicle

subpoint (n. mi)

RNGAN - inertial range angle between the launch site and

the vehicle radius vector (deg)

Lines 7, 8, 9, 10, ii, 12, 13, and 14 provide data for all of the six

propulsion systems; columns 1 through 6 represent the output of the MPS,

SRB, LBM, OMS, RCS, and any other additional system. The lines of output

are defined.

LINE 7

LINE 8

TV

- total thrust of the propulsion system (Ibf)

- vacuum thrust (Ibf)

11-5



Line 9

iSP__ - specific impulse (set)

L_ne 10

WD - fuel flowra=e (ibm/set)

Line ii

_F - fuel on board (ibm)

Line 12

D
_m

- depleted fuel (Ibm)

Line 13

DP - pitch gimbal angle (deg)

Line 14

DY - yaw gimbal angle (deg)

Line 15

TAU

SRMAE

PDOME

SRMET

@RBET

CHVL

- throttle setting of MPS engines

- SRM exit area (mz)

- LOX bulkhead pressure indicator (Ibf/m 2)

- SRM-ET shear load indicator (ibf)

- Orbiter-ET attack load indicator (lbf)

- Characteristic velocity (m/set)

Line 16

TNL

GVL
m

DR L

- turning losses (m/set)

- gravity losses (m/set)

- drag losses (m/set)
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BKP_L

GLM_L
!D_VL

Line 17

MACH

ALPHA

BETA

FAA

FAS

FAN

Line 18

Q

QALPH

QBETA

FAB

FMB

FN-B

Line 19

DRAG

LIFT

VWIND

AZW

HEAT

HRATE

Line 20

PRESS

Pa0

TEMP

- back pressure losses (m/sac)

- gimbal losses (m/sac)

- ideal velocity (m/sec)

- Math number

- angle of attack (deg)

- sideslip angle (deg)

- aerodynamic axial force (ibf)

- aerodynamic side force (ibf)

- aerodynamic normal force (ibf)

- dynamic pressure (ibf/ft 2)

- product of Q and angle of attack (Ibf-deg/ft 2)

- product of Q and sideslip angle (ibf-deg/ft 2)

- axial component of base force (Ibf)

- base moment (ibf-m)

- normal component of base force (ibf)

- aerodynamic drag force (Ibf)

- aerodynamic lift force (ibf)

- magnitude of wind velocity (m/sec)

- wind direction (deg)

- stagnation heating indicator (BTU)

- stagnation heating rate (BTU/sec)

- atmospheric pressure (Ibs/ft 2)

- atmospheric density (slugs/ft 3)

- atmospheric temperature (K°)
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REYNO

DELPC
DELYC

Line 21

EMACH

INBD

OUTBD

AXACC

NRACC

LTACC

Line 22

XCG

ZCG

QPEN

- Reynolds number

- pi_ch misalignment of :oral thrust vector (_eg)

- yaw misalignment of total thrust vector (deg)

-Mach number based on earth fixed velocity

- inboard elevon setting (deg)

- outboard elevon setting (deg)

- =oral axial acceleration (less gravity) (g's)

- total normal acceleration (less gravity) (g's)

- =oral lateral acceleration (less gravity) (g's)

- longitudinal component of center of gravity (in)

- normal component of center of gravity (in)

- dynamic pressure penalty function
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1!.3 ITERATION OUTPUT

Following the trajectory output are several variables,-vectors,

matrices, and other pertinent data associated with the iteration and

optimization process. The input variable LPRINT, however, limits the

amount of printout obtained. Table ll-i lists the output obtained using

the I.PRINT options.

Table ll-l. LPRINT Options

OUTPUT GROUP

Trajectory
Block

Output

Iterati on

Output

,J

LPRINT=2

All trajectories are

printed giving dis-

crete point printouts
on the nonconverged

trajectories and full
printout on the con-

verged trajectory.

All formats are

printed. Control

variable printout
consists of all

points in control
table.

LPRINT=I

Only first and con-

verged trajectori es
are printed, the first

giving only discrete

points and the con-
verged giving the full

printout.

Same as LPRINT=2,

except control

variable printout is
printed full on the

first trajectory and

first and last points
thereafter.

LPRINT=O

Same as
LPRINT=I

Formats l,

2, 3, 4,
lO, 12

(treated
the same

as

LPRINT=I),
and 13.

To separate the various output formats, a number will be used to agree

with the nomenclature used in Table ll-l. The output formats are:

l. Trajectory Summary Table. Directly after the trajectory.
printout, a trajectory summary =able is printed which presents

the payoff and the errors in the desired equality constraints
in the present and previous trajectories. Also presented are

the amounts of change requested from the algorithm, _he amounts

of change obtained, and the percentages of predictability (see

Figure 11-2).

m& STRI_ C1S£:

I

1,0001

i i

LBM('X$O_)*$RB-_O.FI (TC-I._I?'78!-WTR{57 r)_/_M_SNB-WIN/p-JOI/

OLC

NEW

aSK
GOT

pCNT

MiSS Y{L GIM| : ZNCL NOD_ V_L{ O NiX

• IW?_2"OOb .59191.002 -,W29WT*O00 .279gO,riO5 -.77839"000 .526bW*000 .639b0.002 -.15556e002

• 15960"00_ -.19_e0"0_2 .12999"000 -.9S5_I'00_ ._5_90"000 ".I?_20.000 -.21@5_*00_ .520m_*001

• 150W_'O0_ "._C7Z8+002 .90505"001 -.102a]*005 .257_]'000 ".17W18"000 -._Iw8?.002 .52819"0_I

• I0052.00_ .I037_*00_ .6962_*002 .i0717#00] ._93a?*O0_ ._9_I_'002 .i005_'00_ .I01_*_0_
iii

Figure ll-2. Trajectory Constraint Summary Table
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o Poivnominal Coefficients. The determined coefficients required

to define the booster pitch and yaw attitude are printed (see

Figure 11-3).

POLYNOMIAL COCFrICI_hT$
A¢ -.W6Z_8877-GO3 ,_667_O16-O01 .O00OOOO0 ,00000OCO .00OOPOQO

• COO00000 .00C00COC ._0000000 .00000000 .3OO00000

• 00000000 .OCE_Oo00 .OO0=0000 .0OOOO000 ._O00_000
.ooco0000 .00000000 .o0000000 .O0000000 .00000000

Av .7_5269_9-007 -.50519_55-002 .00000000_0000_00___ .0000_000

.00000000 .OOuo0000 .00000000 .00000000 .00000000

.00000000 .O0_O000C .00000000 .00000000 .O000CO00

.00000000 .OCCOO000 .O00sO000 .SO000000 ._OCO0000

Figure II-3. Polynominal Coefficient Printout

. COY Lambdas. The initiation time of the min-H phase is printed

along with the seven variables associated with the Euler-

Lagrangian multiplers of the calculus of variations. These

variables, except for the time, are determined after the second

iteration and are zero prior to this iteration (see Figure Ii-4).

4
• L 77780-000 I

i
i

C0v LaMOOa$

.123770"003 • ]55612"002 .ZQ6_O%'OO_ .b2W|_?+_0l .97_007-00] .lO_S]_.O00 ._60_07-002

Figure ll-4. C0V Lambdas

Influence Coefficients. This block of output provides the user

with the partial derivatives, or influence coefficients, of the

payoff and the constraints with respect to the control parameter

sited in the KDB array. The size of this output block varies as

a function of the number of equality constraints (left-to-right

on the page) and the number of equality parameters (top-to-

bottom) (see Figure 1i-5).

I INFLU{NC[ C0[FFICIKNT$
-.I0098101*00_ ._0187598+q02 .I_72_06|-001 ._I_32"002 .I_12760_-00| -.5_65211_-00Z .00000000 ._0000000 i

Figure 11-5. Influence Coefficients Table
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. 1-PSI-PSI. This output block provides the printout of the

optimization weighting matrix, Wa, presented in the Engineering
manual, which is based on integrated values of the-impulse

functions. The output presents a square matrix (although the

first row, except for the first element, is not shown) based

upon the number of constraints plus the payoff (see Figure 11-6).

I _$I PSI

._O000OO0

.3DDOODO0

.O0000CO0

.gOOOOO0=

.00000000

.90000000

.00000000

-.,_711282-0_¢) .8_62e_30-OD2 .1_361662.003 -.lqO6?b61-O0 _l .95409015-00'I *.70]|'4177-0D1 .(_O00DOD_

-._2D379S_*OD$ .2e36|662-OOJ ._23D3917'007 *.20"_1_|9J*00| .,t$Olil)2Z*OQ! -..%6J3_3.t.]*OOe ,DOOOODO_
-.5-'1_,_.38-(_[:1 -.1_067661-00.1 *.207]?|93.(_Q2 .766812_3-0D2 -._6279_,bQ*002 ,'_S02272_*002 .O000GOGO

• 9_9797211-n01 **7031_177-(]01 *.36|_4,_S_*OQ_ .SSD2272W-O02 -._gB6SO_I-OO;t .58_S'/7_09.001 .[:OODDOO0

Figure 11-6. I-PSI-PSI Output

. PSUBI_ WIBT. This output block provides the elements of the

weighting matrix, Wb, presented in the Engineering manual.

PSUBI shows the calculated weighting on each control parameter

in the order it appears in the KDB array, and WIBT shows the

input and updated values of the weightin_ of each parameter

before calculation (see Figure 11-7).

,IBT

• IGO00000*OOl .lO_O_OO*OOI ,I000_00"C_I .I0000000"_01

Figure ll-7. PSUBI, WIBT Output

. Total I-SY-SY Matrix. This output block presents the matrix

product of the influence coefficients and the weighting matrix

before inversion of the matrix. As in the printout of the

I-PSI-PSI, the matrix is square. Only the firs= element of the

first row is shown, with the size dependent on the number of

constraints plus the payoff (see Figure ii-8).

TOTAL I SY SY .iT_IX

.b6_TZ195.00B

-.|9757179-00_ .lOwlkEw6*_03 -.3_17u980.000 -.l_BlglSl_OOS -,_27_BS53-000 .13757S?]*000 .33568756-002 .3091377|-001

-,10_37826-0_5 -.1_8191B1._05 .lSwO?023.0_ ,5wOO1B_6*O07 .10_62669"002 -.130_5_13.002 *.668709S7.0DN -,8$583076.007
-.85351069-C00 -.127_8553,000 *.22_Os709-OO3 ,JOq62669_O02 .9871_$28-002 -.7216_52-002 -._29,5]_-D_1 -.12k2579_-00]

• 3_B03319"000 .13757S7_.000 ._qZESW-OC3 -.130_5_1_*002 *.72|b1352-002 .60_785:9-002 *793_0311-001 .]_556_7]-001

-._00826Z]-00_ ._56875b*_D2 *.85757809-0_ *,66870957._0_ -,6Z9.5_1_-001 .793_0_1]*0_| .2002S|66-_02 .2_gqBsOq*O_ |
-.21_59626-002 .30_11771,0C1 -.7175|081-C02 -.85S83076$00_ -.12q2_7"6-001 .;q5S6"7_-00! .2_99880u*0_2 .63296193,C_0

Figure ll-8. Total I-SY-SY Matrix Output
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_° WGN'U. This output block presents a parameter which is an indi-

cator, or measure, of the overall improvement of t_e payoff

function on an iteration-by-iteration process when the constraint

violations are small (see Figure 11-9).

vGN_J ,66036029-00$

Figure 11-9. WGNU Output

, •XKAY _ El. This output block provides the current values of the

control step variables where XY_AY, or k, is the restoration con-

trol step variable and El, or E, is the optimization control

step variable (see Figure ii-I0).

I XKAV .50000000-000 { ! .COOCO000

Figure 11-I0. Control Step Variables Printout

i0. DRH_, WDS_ GNU. The variables are defined in _he following

manner (see Figure ii-ii):

DRH@ - equality constraint errors used in parameter update

equaKion,

_qDS - product of the inverse of the total i-SY-SY matrix and

the DRH@ vector,

GN-U - Lagrangian multipliers on the constraints used in the

optimization procedure (represent the partial derivative

of the payoff function with respect to each constraint).

C)I_HO, W 0 $, GNU

- .1997_62B*0D2 .ZWw?ISST-0DI ._77_20"002

• iZ999]77"000 .SS, _e892"_Sl ,2 A65_bTOsOOZ

- .gSS81_SO.OOw -..3w 5S J66Z-GS3 .Su |105] 0-(]01

• 2.58900 _O..(] O 0 .23576S ZS,, (]0]. -.|SiS_92 l*OOJ

- .17S20_$6-000 • 19619S 23.(_0], -.? 09_]] ] 1 _.(]03

-.21161561.002 -.2.35SI:_ZT.POO .?$63_71S7_,9_00

• S20958 S2*(]O ]. .69 | I _0 78",0n0 -.W 179 _800'*002

Figure ll-ll. DRHO, WDS, GNU Optimization Parameters
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ii. Parameter URdate and Conversence Test Block. The following

variables are printed in this block (see Figure ii-12):

DPAR - parameter update requirement (one per parsmeter),

@LD^PC@N - post convergence factor for parameters (one per

parameter),

NEW^PC@N - present convergence factor for parameters (one per

parameter),

P^SCALE - convergence parameter normalization factor (one per

parameter),

TAUT(I) - if thrust event time is being optimized, prints

updated value,

W#I - if life-off weight is being optimized, prints updated

value,

AZ - if launch azimuth is being optimized, prints updated value,

CPTBL(I) - if the booster pitch attitude is being optimized,

prints updated values,

CYTBL(I) - if the booster yaw attitude is being optimized,

prints updated values,

THROTTLE PAR(l) - if MPS throttle down time is being optimized,

prints updated values,

THROTTLE PAR(2) - if time after Q.MAX is being optimized, prints
updated values,

THROTTLE PAR(3) - if throttle level is being optimized, prints

updated values,

SIDESLIP PAR(I) - if sideslip angles are being optimized,

prints updated values.

DPAI_ OLD mC;CN

-.256227_7_001 .GOOOG000

• 96 S 16606 "000 , O_D_Grj a{:

• 21 $622_'000 .ODOOOD_O

• 186161ul-O01 .O0_OGO00

TIUTIIZI: .97165165._0Z

CP TgL ! ?|: • IS7|$622"C02

CYTBL( Z)= -.-"981_839"001

Figure II-12.

N[W pCON m SCALE

• 310_ _Oll-OOi ,99929_7u_003

-,89653301"00Z ,99q29Q?i*O03

-,69S08561-001 ,1535576_*00_

Parameter Update and Convergence Test Block
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12. Control Variable Update. The updated and previous values of the

control variables and the increments determined by the algorithm

are printed in this output block. These angles an__ increments

are printed in degrees and should be used for nex= guess values

if the trajectory does not converge. If !,PRINT is equal to

either zero or one, the complete list of tables are printed

after the first trajectory and a compact lis= showing only the

firs= and last value are printed =hereafter. If LPRI_ is

equal 2, the complete list is prin=ed after every trajectory

(see Figure 11-13).

TI_C

.1237701*003

.1282352*00]

.13290Cq*003
•1371656-0G3

• lq 16308-003

.;_60960.003

.ISOS61Z*QQ3

•1SS026_'003

.IS9_9|6"0Q3

.16_9S68"0G3

.168_22U'003

.17_887Z-00_
•1773SZU.GO3
•1818L?6*q03

.;86ZSZ8*OQ3

.1907u79"003

.1952131"003
.19967S3.003

•20_L_3S-003
.2086087_00_

,2130719"0G3

.2175391"003

.22Z_OU3.OO3

.226_695"003

.23093_?•003

.23E399_*003

.23_86S1o00]

.2uu33_o003

.2u87955.0C3

.2u8795_*003

.2S7_668-003

.2_57383,00_

.27_2099-003
.2826811*C03

.291152S'003

.29962UO-q03

.308095u°003

.3165668"003

.33_B097-003

._UL9811°003

.350_5Z5o003

.3S892_0-003

.369395u'003

.3758668-0Q|

.38_338)*003

.J928097o003

._012811"003

._0975Z$*003

._la22uO*O03

._66_5u-003

,u35|668°003

._u]6382°003

.uS21097"003

._605811°003

._690525°003

.uT?S2uO°O03

._8S99S,-003

NE_ CP OLO :P

.630?767.002 .6_6000 1"002
• 6378uu6°002 •65_696 1"002

• 6U5072_'002 •659 392 !*002
• 65239 ?_,-002 .666088 1"002

.659788b*017_ - ; 67_78, 2,002
• 667_75T.002 .679 u8132,002

• 67U719Z'OO2 •6861762"002
.6822225o002 .69287Z 2+002

• 6897U26 o002 .699S68 _*OO2

o699:791 ._]02 • 706 26_ 3"002

NE_ CY OkO CV OCP OC?
• SUO6029°QOI .5_00001"001 -.15Z2138"001 .602795u-002 !

• 53876_9,001 .Su6265_-00i -.i"451u_°_0i -.?SOOSO2-OOL 2

• s_93939o00_ .ss2S_o_?o03 -•!_99_-00_ -,_S_s6?o °000 ]
.S376095"001 •55a7959"001 -•1369073.00t -.2118638+0D0 "

• 5399998-001 .5650612.C01 -.129958Z*Ool -•_.506]_3"000 S

.5502051°003 •5775918°00| -•ll_570_*OOl -•2738663.000 7

.5S6805S*00! •$83kS71.00i -_106u97d*oOi ;_210S152.000 8

• $6382e5.001 •590122U'001 -•98Z5692"000 -.2_29383"000 9

.s71o_2..o_! •s_&_s?6;co_ .,¢9_zisu;_od ;_2s3os2z*ooo io
• ?Ou 8Q_9,002

.712J379,002
• 7198655 .'002

•TZ?39??'O02

•73_9ZC6°C02
• ?_Zu3_8,002

.7_9,;uS7*002

• 757_$7_ ooo; _
• 76_ 964_9 .C02
• 76Z 1767 °002

• 7_955 _.8 .CO2

• 7769 lO2 °002

• 78u_5 _Z "C02
.791_7_5-_02
•79889,6oCOZ

• aO6ZOZOoCo 2
.8097_3Zo00_

. a(]88855 *002
• 8080_ 59 -002

.asBa:_l .C02
,a669581 °CQZ

• 87._0._02 -002

• 887 I I_3 -CO2

• _91151_.002

.899 16 18 °OOZ

•?C71_6_*002

• 915 I050°902
,92303?8-00Z

.9309uS0.002

•9388285.002
•9u66837o002

.95u503_*002

.962_829,002

• 970027_ °002_
.9777307o002
.9853858"002

.9929AZ_ °OOZ

lOC_U_6 "003
1007837.003
I0 ISu _.7 "OO 3

1023095-t]03
1030_u3°00 3
1038637°C03

10u6_59-003
108u293°003

I062131°003
• 1069967,003

• 1077798*003

.?129603"002 .S78_360,001 .60Z6529"001 -.81SS367,000 -.2_21696"000 II

.7263_Zuo002 .5932319"001 ,61S1835"001 -.6U82879"000 -.2195157"0C0 1_

.7330u8_-002 .6006325o001 .6219_88+00! -.S65G65_*_O0 -.20_162S_000 lu

.7397u_u*O02 .6080269,001 .62771u1"_01 -.,8Z3827*000 -.1968717"000 IS

.7_6u_Ou,_OZ .6|5_13_'00i ,_3_99U*_1 -.9005672°000 -.I_S_599_000 16

.7531_65"00Z .6227927°001 .6_02u_6"001 -.3190799°C00 -.17u5191-000 17

.7665285-002 .6375T|9°001 ,65277_'001 -.1563610"000 -.152_335"000 19

.773z2qs*O02 .6u_S907°O01 .bS90_OS_O01 -.110U781*001 -.1_1_9_3.0_0 20

.9799_05.002 .6522uS9°001 .66530S8*001 -.I0_6?7U'_01 -.130598So000 21

• 7866166"002 .6595992_001 .6715711+00! -.9706_23,000 ".I197187"000 ZZ

7933126+002 ,6669_55*001 .677836u,_01 -.906139Q°00_ 108908Z*000 Z3

.aOb7OuT,OO2 .6816221-)01 .6903669-C01 -,TalO08_'OOO -.87_87u-001 Z5

.813u009-002 .688953_o001 .6966J22oCC1 ..7198716°000 -.7678803-0C1 26

• 8170000"00Z .69291_U°001 .7_0000o001 -.7266801"000 -.7085598-001 Z7

.8170000o002 .69296Jl'O0! .?O_o000*C_I -.811_505._00 -.70_68_9-001 _8

.8L70000"002 .69_0132"001 .?O00OOCoCOI -,895_121"C00 -.6986766-001 29
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• IC0"920"003 .8790066-001 .8383200+_01 -._27u022o000 .,0686S3o0C0 _9
• J01_7"003 ,887U769o00| .SUSU876*OU1 -.661017Uo_00 ._198929,000 _C

• I02U175"003 .a960uog*no l .852655;o0Q! -.8758013oC0_ .u338S66-0C0 Sl

• 10_3630o003 .913U_7_o001 .866990U*_01 -.1298681"001 .u6_6903o000 53
• |0S33S7.00_ .9293139-00! .$7_1S81+001 -olU72000o00! .ua!S586oO00 Su

.106308So003 .9312716"001 .881_2S7,001 -.1662600o00! ._99_$97o000 55
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.II0199So00) .968L6L3"O01 •9099961"001 -.2_19693°001 .$81SS19o000 S9

Figure ll-13. Control Variable Update Printout
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13. ConverKence Indicator. Directly after the control variable update

printout is an output that shows the maximum increment (or decre-

ment) required in pitch and yaw attitude (in radians). When the

maximum values are less than 0.005 and all the other convergence

tests are met, the logical word BETC@N is output as a T, or true,

which indicates that convergence has occurred. If BETC@N is

equal to F, or false, the convergence tests have not been met

and the iteration process continues. The fourth word on this

line is KAT which is used to indicate that an ill-condiTioned

matrix has been encountered during the determination of the Wa

weighting matrix in the backward trajectory. KAT - 1 is the

ill-condition indicator and KAT t 0 means that no problems have

been encountered (see Figure 11-14).

GEL C_IP _.AX" .2209','_0_, DEL OH'IT /_IX- .1",r22,,0[_)
BETCON: r xJI]: 0 I

Figure 11-14. Convergence Indicator Printout

14. Summary Tables. At the conclusion of the converged trajectory,

the parameter summary table (Figure 11-15), the orbital element

summary table (Figure 11-16), the load indicator table (Figure

ll-!7), and the weight summary table (Figure 11-18) are printed.
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Figure ll-15. Parameter Sugary Table
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Figure ll-16. Orbital Element Summary Table
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Figure ll-17. Load Indicator Table
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Figure II-18. Weight Summary Table
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The variables of Figure 11-16 are defined as:

TIME- time (sec)

RANGE _- relative range (m)

RANGE^ANGLE - relative range angle (deg)

INERTIAL VELOCITY - inertial velocity (m/see)

RADIUS - radius (m)

FLIGHT_PATH_ANGLE - inertial flight-path angle (deg)

INCL- inclination (deg)

DES. N_DE - descending node (deg)

FLIGHT AZIMUTH - launch azimuth (deg)

GDLAT - geodetic latitude (deg)

GCLAT - geocentric latitude (deg)

L@NG - longitude (deg)

INERTIAL_AZL_UTH - inertial azimuth (deg)

C1 - angular momentum magnitude (m2/sec)

_EIGHT - mass (ibm)

C3 -vis viva integral (twice the energy) (m2/sec 2)

ECNTRICY - orbital eccentricity (unit!ess)

.%P@GEE_RADIUS - radius of apogee (m)

PERIGEE^RADIUS - radius of perigee (m)

AP_GEE_HEIGHT - apogee altitude above equatorial radius (nmi)

PERIGEE_HEIGHT - perigee altitude above equatorial radius (nmi)

ll.i Post-Processor Output

This subsection describes the output provided by two post processor

modules optional available to the user.

ll.A.l Output Table Post-Processor

A nonzero input value of the variable NTABLE indicates that output

tables generated by this post-processor module are desired. Upon termin-

ation of the trajectory simulation, the element 'ELTTBL', which contains
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the Name!ist array 'INPUT2', is automatically placed into the run stream.

Therefore, the user should update this element before executing the

table option (see Section i0 for inpu= requirements).

The output table post-processor module, which is called BIPTBL, has

been programmed to allow full flexibility to the user. By modification

of a few lines of code, the user can select the number and the types of

output variables required in the tables. The number of tables is con-

trolled by the PARAMETER variable MT (which currently is set =o 14) and

the types of variables are specified trhough the array N'NAME (10,MT).

Figure 11-19 represents the currently programmed values of this array.

The absolute value of quantities represents location of the variables

in =he trajectory block printout array (see Section 11.2). Figure 11-20

provides a location cross reference of these variables. The sign of the

quantity signifies =he types of units preferred such =hat the positive

(+) sign signifies metric units and a minus (-) sign signifies english

units.

CARD NO.

39.

o,q,e

US.

u6,
W?.

_9.

50.
51.
52.
53.

DATa NNAME I

* I, 7, 13, 8, 9; 19; ll; 17; l_;" ._;

" I, 2, 3, _, I_, IS, 16, 111, I 1_, ._5,

, I,. 25, 2b, 27, 31, 32, 33, 119, 120, 0,

, I, -37, 85, -38; -3(_, -_0, ;41, =, 0, _,
s I, -37, -_3, _9, -55, -61, -67, 73, 79, @5,

" I, -38, -u_, Sin, =S6, -6Z; -68; ?a, 8C;; _6;
*' 1, -39, -_S, 51, -57, -63, -69, 75, el, 0,
- I, :-_0; -_;_; 5_"T :_ST-':To_;T-'7_;---V ,3";---_ ,T;'-"-_; -
* i, -_l, -,7, 53, -59, -6$, -71, 77, 83, n.

* 1, 97, 9B, 9q,-103,-10_,-105; 121, IZ_; I_3;

" I, ?0, 96, 91, 9Z, 93, 9a. 95. -87, -_6.

* 1,-100,-106,-109,-102,-10B,-I10,-101,'107;-115,

s 1, 28, 2e, 3D, 113, 11_, I17, _, C], 0 /

Figure 11-19. NNAME Array
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_0 Via r_S rl_ _ _aL_N _£T5 riS _4 _HI 0RIG

_ LZFT VU|NQ AZU _(JT _&T_ Pa(S$ RNO T(mP _(VNO _ELPC

Figure 11-20. Variable Location Cross Reference

Usiag the first line of :he NNAME array as an example, :he module

output provides publishable tables as shown in Figure 11-21. Upon com-

pletion of the desired tables, a summary table is provided which auto-

matically defines the variable names, the table location, the desired

units, and The definition of the variables are specified through The

NNAME array (see Figure 11-22).
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Z)l._0 _,Vl_ZZ. '5396. 2SS2.09 6.40q -|?_.|? |Z.G$ ]Z.22u -121.15& ,Q.,ST

:+S*$I 4+iSlSl* q?lti. +S_?.lg i*7lO -ITI,;I _lolO ]2.O;S "121.+1T +1.+?_

_S,SS 6_49_$_, 91_k6. _$11.|9 t*TIQ "tPI,;_ )|*tO _2,_7$ *IZI._I/ S_.OT|

IS|._k b_bITTg* ale ?_, S?3*;| *It,ill L3S*SS t�*Ot +9*Z39 -i21*40q 5_*Zb|

• I_.,I _ISqlZ|. $10_q, SQ?.]_ -]_*$30 I_,_I ?q.Oq 29.Z00 "121.4|0 _9.SG&

S_,.,O +*+#t++. +;i++; JiJP;[I-----'_T_I------ ]l;_# -----21;27-- P�:++++ :I2];PGO +_.eS!

5b+,_l 6qll_Ik. /III0. 1111,41 ).|SO ]Z,;2 _9*61 _9,111 -12L,kTq PO,Jll
st).Im 4+*1$73. i|19;, tSss.si i.|mJ 22.ol _9.PS _9.i12 -12t.kG! P_.+SS

ST$,aq 611|STy* b|69T* _9_S,_G t*_q$ _*_I _*TS ?q*'|2 "t2|.&b| YO,�SS

Sl_.lq _t21* 7_OOO* 2_IO.i_ J.kSS 2O,S? 29.|0 3g-Ok6 *|2|*&30 12,3&_

$1Z,_4 +l.++_l, -+ tOOOO, +-- 2llO*ll +.aSS --- + +0,5? Zt,tO ]O. Okl -1+|,iJO P+*+il
soe.ai ++.++d+; tGiii; i]IfilY--_,sO tOiO! ----]O:+t" "- to;l?l--:121;lo? ?2;;st
_i.iq 41*)kOk, 7Olli, Z217.?? _,_0 :8*OZ )O*O_ 30.17_ *l_l*&O? ??*_S/

Figure II-21. Table Module Output Example
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Figure II-22. Summary Output Table Example
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11.4.2 Plottin$ Post-Processor (Demand Terminal Oniv)

c

Upon termination of the trajectory simulation, the user, in a demand

mode, has the option of creating a 'list-directed' file for use in the

MIPS plotting package. Use of this package allows the plotting of all

variables (as defined in Figure i1-23) in the manner selected by the user.

For additional information on the MIPS plotting package, the user should

consult Reference 12. Examples of generated plots are shown in Figure

i1-24.

DESCRIPTOR FORHAT - FILI_RFIE.XNN_E.Y_ME.DRIUER
DRIUER gILL DEFAULT TO XNRflE
ENTER FILENARE.HELP FOR TUTORIHG
SPECIFY DESCRIPTOR NO I CURRENTLY OFF

M%Pg)flASTREDATA.TZflE.XXX
LDF HRSTREDATA LAST UR%TE i3/_S/S1 12'21'4G

HAM[ XXX %S NOT IN THI[ DICTZOt_RY FOR NRSTREDATA
DO YOU UANT TO L00[ AT THE D%CT%0H_V?

_41 OF USABLE SP_¢£

RIPS)YES
TIME USUBE P_qflE AZI[ THR_r XML| R _/SU|! GAflI
RZZ GCLAT LONG ALT _b'_J|R G_qR AZ.q GDLRT NODE
ZS-X XS-Y Y|-Z ?.,O|-tJ XD|-U YD|-U CHIP CH|¥ CHIR
TZ_P LTIttP LJII_P THERZ PSZR! PHIRZ INCL RANGE RNG_N
THMPS THSRR 'rHL|fl THONS THRCS TH TULIPS TUSRM TULB_
TUORS TURCS TUR¢ %SPRP ISPSR %SPLB ISPOR %SPRC %$P
UORPS UDSRR _DL|R UDoIqs UDRCS WDOT ItlPSF SRRF LBRF
OMSF RCSF FULr%, RPSD SRRD LJRD eRSO RCSD SPENT
DPMP$ DPSRfl DPLBR DPOR$ DPRCS DELP DYRP$ DYSRR DY£Bfl
DYORS DYRCS DELY TRU SAtiRE POOflE SRRET ORBET ¢HUL
TNL _UL DRL i[PL G%RL IDUL RRCH ALPHA BETR
F_A F_S F_N Q QRLPX aIETA tAB FM| FNB
DRAG LIFT VU%MD AZIJ HEAT HRATE PRESS RHO TE_P
REYNO DELPC OELYC EnACH IH|D OUT|D RXACC NRACC LTRCC
XCG ZCG |I.fINK ILNIK

OFFSPECIFY DESCRIPTOR NO ! CURRE31T_Y
RIPS)

Figure II-23. Output Variable Dictionary
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Section 12

EFFICIENT USE OF MASTRE

The following subsections contain several comments and suggestions

which will assist in using MASTRE more efficiently.

12.1 BODY AXIS COORDINATE SYSTEM

In order to agree with =he present Shuttle Standard coordinate system,

all vehicle input data uses the coordinate system shown in Figure 12-1,

with the longitudinal axis as the x-axis, the lateral axis as the y-axis

(out the right wing), and the vertical axis as =he z-axls (down). At

lift-off, the vehicle will be oriented with the z-axis pointed in the

opposite direction of the input azimuth (FAZ), thus directing the orbiter

tail in the direction of FAZ.

× _.

J

X

i

'J Z
ii

Figure 12-1. Input Body Axis System

.4 a.
I

• t • •

i

=- Y

12-1



12. l ATTITUDE CONTROL

Vehicle attitude control polynomials are stage-dependent and =here-

fore are carried over thrust events of a given stage. The order of the

polynomials used to describe the attitude histories should be chosen with

the following points in mind:

• The higher the order of the polynomials, the more optimum

The trajectory can be.

• The higher the order of The polynomials, the more parameters

are required and therefore the longer the run will take to

converge. Therefore, the lowest order polynomial which yields

an acceptable solution should be used when rapid s_lutions are

required.

• An additional polynomial is useful in the event of a dis-

con_luui_y in acceleration history.

In addition to the above points concerning selection of the order of

the attitude polynomials, proper spacing of the poin=s in the time tables

can increase =he efficiency of the program. The input tables TTBL con-

tain the time points corresponding to the attitude angles in the input

Tables CPTBL and CYTBL. Since =he program must fit =he polynomials with

the input times held constanT, an even disTribuclon of time points over

the duration of The stage will provide the most stable condition for the

program. (Consider, for example, the difficulty of fitting a nonlinear

function To points grouped very closely in time, and =he sensitivity of

The function to very slight variations in the input time points when they

are so grouped.)

The user should always keep in mind when using the MASTRE program

=hat =he booster attitude solutions are not the absolute optimum as would

be determined from a calculus of variation solution. Therefore, it is

advisable to examine several orders of polynomials before deciding on a

_raj ec=ory.
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12.3 JUMP-START

Wheneverusing the jump-start option the user must rememberthe
following items :

• The initial state including losses and propellant flowrates
must be input into the array VIV unless the ISTARTflag
has been used in the preceding trajectory. If the ISTART
flags have been used, the variables VIV, TEER_,W@I,and
JUMPare preloaded. TZER_,W_I, and JUMPmust be input
if ISTARThas not been used.

• All intermediate constraints which occur prior to the
jump-start should be turned off.

• The values of KDBwhich relate to time duration of thrust
events prior to the jump-start and booster attitude are set
equal to zero by the program and therefore do not require
additional input.
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Section 13

PROGRA_MMER'S MANUAL

This manual furnishes information required by a programmerfor modi-
fication or conversion of the MinimumHamiltonion Ascent Shuttle Tra-

jectory Evaluation (.MASTRE)program. Included in this manual is a general

program flow diagram, a subroutine cross reference, and a program listing.
The code has been programmedin the ASCII FORTRANprogramminglanguage

and therefore should be compatible with other computer systems.

Before a programmer begins work on this program he should acquire an

unders=anding of the general flow of the program placing special emphasis

on the integra=ion package subroutines DESOLV and DPIR. _q_enever these

subroutines are called they control the flow of the integration process

until termination (which is caused by calling the subroutine RTMP_K).

Since both forward and backward integrations are required by the steepest

ascent algorithm, these subroutines are the focal points of the program.
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Section 14

GENERAL PROGRAM FLOW

•-he program structure as shown in Figure 14.1 consists of seven

primary segments :

i. Initiation

2. Demand terminal communication (demand mode only)

3. Forward trajectory integration and elevation

4. Backward _rajectory integration

5. Partial derivative calculation

6. Parameter update and convergence tests

7. Table output

lq_ese seven segments are described briefly in =he follo_ing paragraphs.

14.1 INITIATION

Initial flow begins by asking whether the run is a batch job or on

the demand terminal. If =he job is on the demand terminal the flow is

transferred to =he second segment of the program which provides corm_uni-

ca=ion between =he user and the computer. If the job is a ba=ch run the

flow is transferred to the AINIT subrounine to preset variables and con-

s=ants and =o read input data from either namelist arrays or the aero-

dynamic data base.

14.2 DE_D TERMINAL COMMUNICATION

The demand terminal user can directly interface with the computer

via the MLPS system subroutines. As shown in Figure 14-i, the user is

allowed many optimal paths depending upon his choice of numbers selected

from the menus.

14.3 FORWARD TRAJECTORY INTEGRATION AND EVALUATION

The forward trajectory integration and evaluation is performed by

calling AFORUN and AFORND. Upon return from these two subroutines, the
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values of the constraint errors and the payoff are known for _he input
parameter set and the initial values for the backward traje{tory are de-

termined. The calling of the forward trajectory is the beginning of the
iteration cycle.

14.4 BACKWARDTRAJECTORYINTEGRATION

A backward trajectory integration is performed from the terminal

point of the forward trajectory to the min-H initialization point by

calling subroutine BAKRN. During this time, the adjoint differential
equations are integrated based upon interpolated values of the state

variables stored during the forward trajectory. Impulse response func-
tions are also evaluated to determine the effects of the pitch and yaw

attitude angles on the trajectory.

14.5 P._RTIALDERIVATIVECALCULATION

The partial derivatives of the payoff, terminal, and intermediate
constraints with respect to the control parameters are determined by
calling subroutine BADLX. Thesepartial derivatives are determined by a

combination of the results obtained by integration of the adjoin= equations

and forward numerical differences de=ermined prior to min-H initiation.

If launch azimuth is a control parameter (denoted by KDB (17) = i), how-

ever, the associated partial derivatives are determined only by forward

differences which encompass the total flight from lift-off to orbiter

termination.

14.6 PARAMETER UPDATE AND CONVERGENCE TEST

The final part of the iteration cycle is the call to =he subroutine

ANEWCH which controls the following items:

• Determination of optimization and restoration step

size requirements

• Control parameter update requirements

• Update requirements for the control variables during the

min-H phase
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• Investigation of the tests for convergence
• Prints outs (if coverged), =he parameter summary=a_hle,

orbital element table, =he load indicator table, and
the weigh= summarytable.

If the convergence tests are met, the variable ._[MAX is set to 1 (and

decremented to zero) to signal the termination of the iteration cycle

after =he forward trajectory has been de=ermined. If the convergence

tests are not met, =he variable NMAX is decreased and the program flow

is re=urne/ to =he forward trajectory integration =o continue the iter-

ation cycle.

14.7 OUTPUT TABLES

Over a converged run is obtained, or the maximum number of iterations

has been reached, a non zero value of NTABL specifies that special output

tables are desired. If the tables are desired, the subroutines BOPTBL

and BIPTBL are called.
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Section 15

SUBROUTINEDESCRIPTION

The following subsections gives an alphabetical listing of all sub-

routines and a brief statement of the function of each. Subsection 15.1

describes the nonsystem subroutines, Subsection 15.2 describes the non-

system elements, and Subsection 15.3 gives the required FORTRAN system

subroutines. A cross-index of the calling requirements of the non-system

routines is presented in Figure 15-1. The current overlay structure is

presented in Figure 15-2.

15.1 NON-SYSTEM SUBROUTINE NAMES

Subroutine Name F unc t ion

ACNTRO

ACSTOP

ADER

ADERI

AEBANK

AEOSR

AFORND

AFORUN

AEGO

AINIT

Determines the values of pitch and yaw attitude

based on interpolation of the proper table.

(Only used during the min-H phase.)

Evaluates =he payoff and determines the value

of terminal and intermediate equality con-

straints. Also evaluates the partial deriv-

atives of the payoff and constraints with

respect to the state.

Evaluates the state derivatives.

Evaluates the time dependent variables.

Reads first stage aerodynamic coefficient

tables from aerodynamic data base.

Stores _he state during the forward trajectory.

Controls the call to ASCTOP to determine the

payoff function and terminal and intermediate

constraints, computes errors from desired

values, sets up initial backward integration,

and prints terminal su=_ary.

Controls the setup logic for the forward

trajectory integration and calls the in-

tegration package.

Calculates the gravitational parameters for

forward and backward integration.

Reads input data and performs initial setup.
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Subroutine Name

ALIFT

AMULG

ANEWCH

APRTN

AQMAX

AREAIN

ATHREV

ATHRO

ATILT

AWDEV

._XPRT

BADLX

BAK2_

BDRI

BDII

BGLIM

BKEND

Function

Prints 'LIFTOFF' trajectory bloc_ when

longitudinal acceleration reaches thrust-

to-weight of one.

Linear interpolation scheme.

Evaluates the optimization and restoration

equations to de=ermine the required changes

in =he controillng parameters. Tests for

convergence are made in this subroutine.

Computes output parameters, prints data,

and writes output tape for output tables.

Provides maximum dynamic pressure printout.

Provides main menu in the demand terminal

mode.

Thrust event control routine; sets up vehicle

geometry, aerodynamics, number of engines,

thrust limits, and flow rates; and trigger

flags for thrust event cutoff.

Provides discrete printout a= MPS throttle

level changes corresponding co the TIMMPS

and FTBL input arrays.

Controls time related events directly after
lift-off.

Controls weight drop event.

Controls normal printout.

Determines the influence coefficients

(partial derivatives) of the payload terminal

and intermediate constraints with respect to

the parameters.

Controls the setup logic for the backward

trajectory integration and calls the in-

tegration derivatives.

Computes total adjolnt derivatives.

Computes time dependent portion of adjoint
derivatives.

¢

Turns off acceleration limit switch in

backward integration.

Terminates adjoint run and adjusts influence
coefficients.
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Subroutine Name

BSAVEG

BTHREV

BWDEV

BOPTBL

BIPTBL

CAERO

CEIPOL

COPLDF

DBANK

DESOLV !DPIR

DEVISP

ELMENU

FIND

FUNISP

GLIMT

LLPRT

MATINV

MENU

MINV

PRA63

Function

Saves impulse response functionsland performs

Simpson integration on products of impulse

response functions.

Backward thrust event control routine.

Backward weight drop event control routine.

Reads input namelist for output table.

Output table routine.

Determines the first stage aerodynamic

coefficients based on current values of Math

number, angle of attack, sideslip angle, and

inboard/outboard elevon angles.

Evaluates pitch and yaw attitude polynomials.

Writes list directed file for plotting.

Reads other data from the aerodynamic
data base.

Integration package.

Provides partial derivative of MPS specific

impulse w.r.t, mass

Provides a mean for ailowinB demand terminal

user to add data elements into the input flow.

Determines attitude polynomials based on

attitude _ime history information.

Calculates the current value of MPS specific

impulse based on throttle level and countout
reference value.

Provides acceleration limit printout.

Provides speical output in demand mode.

Performs matrix inversion.

Provides main logic flow for demand mode.

Same as MATINV (used for overlay).

Evaluates :he Patrick Air Force Base atmosphere

model for 1963 and determines the partial

derivatives of the parameters with respect to

altitude by using a third order spline in-

terpolation method.
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15.2

15.3

Subroutine Name

RTMRK

SDATA

SPLINE

SUMARY

VAR!SP

Func tion

Part of integration package whic_ flags

termination of the integration.

Block data routine (summary. table data).

Third order spline interpolation routine.

Generates weight sua_ary output tables.

Calculates current value of MPS specific

impulse based on throttle level and time

varying reference (100%) specific impulse.

NON-SY STEM ELLMENTS

File Name

AERO79

ELTTBL

LBM_/RI

LBMW-I

LBMW-2

LBMW-3

LBMW-4

PAC63

PHA63

SYM

VAC71

VKATI

VRATI

Description

Namelist for additional aerodynamic data.

Namelist data for output table post processor.

Provides updates to programmed code and maps

the program for the LBM trajectory simulation

from Vandenburg.

Namel±st data for LBM pseudo targeting mission

constraints.

Namelist data for AOA mission.

Namelist data for nominal mission.

Namelist data for RTLS mission.

Evaluates cold Patrick atmospheric model.

Evalua=es hot Patrick atmospheric model.

Program map.

Evaluates cold Vandenburg atmospheric model

Evaluates hot Vandenburg a=mospheric model.

Evaluates reference Vandenburg atmospheric

model.

SYSTEM SUBROUTINE NAMES

Subroutine

(or Function) Name

ABS

ACOS

Des crip tion

Absolute value of the rune=ion.

Determ/nes arc cosine.
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Subroutines
(or Function) Name

AINT

ALOG

AMAXI

ASIN

ATAN

ATAN2 (A,B) )

COS

DABS

DCOS

DS IN

DSQRT

ENCODE

EXP

EXTERNAL

IABS

NAMELIST

SIGN (A,B)

SIN

SQRT

Description-

Truncates real variables to integer form.

Determines the natural logarithm of a

variable.

Selects a maximum value from argument list.

Determines arc sine.

Determines arc tangent based on one argument
W

(-7<0<7).__

De=ermines arc tangent based on two arguments

(-_ < 0 < _).

Determ£nes =he cosine of the argument.

Double precision ABS.

Double precision COS.

Double precision SIN.

Double prevision SQRT.

Converts variables to hollerith field data.

Exponential lunar ion.

FORTRA_N statement stating that the list of

subroutines names following the word EXTERNAL
are defined outside of this subroutine. This

allows subroutine names to be used as an

argument in a subroutine or function call.

Absolute value of an integer variable.

Variable format input routine that reads

and prints data.

Transfers the sign of the second argument to

the absolute value of the first argument.

Determines the sine of the argument.

Determines the square root of the argument;

The following subroutines are in the MIPS library, for detailed

information about these subroutines the reader should consult the MSFC

MIPS documenta=ion (Reference 12).
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Subroutine

(or Function) Name

CSFREQ

FTITL2

GOUT

HOLDIT

LDCLOS

LDSWI

LDWRIT

MPSINT

MPSTRM

PAGIT

RDATAI

RDCHAR

I'WAIT

Description

Adds data from the terminal to the run stream.

Prints title on microfiche output.

Outputs predetermined code to the terminal.

Maintain current image on terminal screen.

Closes list directed file.

Initializes and open list directed file.

Wri=es llst directed file.

Initiates MIPS systems.

Terminates MIPS system.

Erases present screen.

Interrupts data from terminal.

Interrupts character strings from terminal.

Program pause command.
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Section 16

PROGRAMLISTING

Appendix G presents a listing of the compucerprogram. The main

routine is presen=ed first followed by an alphabetical listing of all

non-system subroutines and elements.
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Appendix A

INTERPOLATION METHODS

Rapid, consistent, and accurate interpolation of tabulated data is

essential to the operation of MASTRE. To this end, two very efficient

interpolation schemes are used in the program. The linear interpolation

subroutine, AMULG, is used for the determination of the values of the

pitch and yaw attitude during the min-H phase as a function of the control

tables. A cubic spline interpolation routine, SPLINE, which ensures con-

tinuous first derivatives of the data across the data points, is used to

find the aerodynamic coefficients as functions of Mach number, the base

pressure force as a function of altitude, the atmospheric properties as

functions of altitude, wind direction and wind speed as a function of

altitude, and center of gravity location as a function of weight. Both

interpolation routines keep track of the lower data point from the

interval used in the previous call to the routine for each particular

table. In this manner the routines are not required to repeatedly start

from the beginning of the tables to find the current interval containing

the independent variable.

The linear interpolation routine, AM[FLG, searches for t_e interval

containing the current value of the independent variable. If, of course,

x I xi (a data point), then y = Yi" If the independent data point xi+ 1

is less than xi, it is assumed that the last valid data point has been

passed and that extrapolation beyond that point will now be required.

(Note that =his requirement allows the number of data points _o be less

than the maximum number of points available in each table.) If x < x 1

then m is chosen as m I 2, (where m denotes the number of the base point

of the interval) and backward extrapolation is performed. Once the base

point, Xm, is located, the general linear interpolation is

X

y y l+ lyreyml)"
xm - Xm_ I
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The cubic spline interpolation routine, SPLINE, first locates the

independent variable within the central span of a four DOiIT_group, that

< x < . (If x < Xl, m = I.) If all of the available pointsis, xm_ _ Xm+1
in the independent variable table are filled, extrapolation will be per-
formed whenx > x (where m is the numberof locations in the table). Ifm
xi+ 2 < Xi+l, implying (as in AMULG)that the last valid data point has
been passed, the routine sets Yi+2 values in all the dependent variable

tables equal to the Yi+l values. Thus, if fewer than the total number
of available points are used in the tables, the schemeassumesthat the

dependent variables remain unchangedafter the last valid input point.

Having established the interval containing x (xm < x < Xm+l), the
dependent variables are found as

3 .x2+c x+
Yi-aix +b i _"

(A-l)

The coefficients ai, bl, and c I are derived from the following equations:

Ym+l - Ym
s -

Xm+ I - x m

Ym- _m-I
s -

m x m Xm- I

Ym+2 - Ym+l
s -

P Xm+ 2 - Xm+ 1

If m = i, sm is chosen so that

s + s
m p

s = 2

or

s = 2s- s
m p
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If m - n-l, s is chosen so that
P

s + s
m p

S I , ,
2

or

S " 2S- S
p m

Equation (A-l) can be rewritten as

AYl " Ym+l - Ym " aAx3 + bAx_ + tax I

where

_x I - xm+ 1 - xm

Dividing by xI, yields

2
s - a xI + b Xl + c.

The spline assumption is

and

s + s
dv _ c =
dx 2

X
m

dv

dx

xm+ I

s+s

= 3aAx21 + 2bAx I + c - 2 P

Note that this equation leaves the first derivatives continuous as m

changes. Thus, a, b, and c are

( )i Sp sm
a - ---_ 2 -s+s

Ax I m
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i
Ax!

s + s
m

c
2 ' "

x - x
Ax m

With R -- -
ax ! xm+ I - xm

we have y - Ym + ((aR + b) R + c) Ax

and

dv

d-_ " (3aR + 2b)R + c.

Since a, b, and c are functions of the data points only (and are

therefore constant for a given interval of the independent variable data

set), their values are stored and reused wi=hout recalculation if inter-

polation within the same interval is required on subsequent calls.
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Appendix B

SOLUTIONOFMOMENTB_NCE EQUATIONS

From Subsection 2.4.3 we have the momentequations in the center-

of-gravity and gimbal point coordinate system

(Tyl==_ + T =an_ )dv+ )d=- -MA <B-l)Yl Y2 Y2 _ (Tyl - Ty2 x

(Tylcan @ - T can @ dz = (B-2)) _A

P! Y2 P2 y

Ty I + T =an _ ) dy = -MA (B-3)=an _Pl Y2 P2 z

Yl Y2 Y

Since the total thrust of each engine is fixed (TI = T2 = TT/2 ) we can

write

T2 + T" +

Xl Y! z!
(B-5)

and

Tx2 + Ty 2 z2
(B-6)

But, from =he definitions of d and
P Y

T = -T =an 6

Xl Yl Pl

T = -T tan

x2 Y2 P2

T = T tan _ = T tan

Zl Yl Yl Yl Y

T = T san _ = = =an
z2 Y2 Y2 Y2 Y
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so that

and

T
Yl

T
Y2

TT/2

+ tan2
1 + tan2 _Pl Y

,p

_T/2

+ tan 2
1 + tan 2 6P2 Y

(B-7)

¢B-8)

We now assume that °Pl' _p2, and _v are small enough so that

tan 2 8 << i

Pl

2
tan _ << 1

P2

and

tan 2 _ << i .
Y

This approximation yields, from Equations (B-7) and (B-8)

(B-9)

(B-!0)

(B-l!)

and

T
Yl

TT
T
Y2 2

(B-12)

(B-i3)

Using (B-4), (B-12), and (B-13) in (B-l), (B-2), and (B-3) yields

TT tan 6y) dy I -MA
X

- _P2 y-_ tan OP! tan dz I-MA

(B-14)

(B-i5)
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TT< opl °p2)_an " + tan _ dy = -H A
Z

which can be rewritten as

MA
X

=an _ = --

Y TTdY

tan

Pl

2M A
V

- tan 8p2 T--_

(B-16)

(B-t7)

(B-Z8)

and

tan

Pl

2MA
Z

+ =an
P2 - T--_

(B-19)

Adding (B-18) and (B-19) yields

tan _Pl - Tq dy

Subtracting (B-18) from (B-19) ,yields

=an _ = i _dvP2 TT "

(B-20)

(B-21)

Since the =oral _hrust is inherently enforced in =he solution, any

aiming error amoun=s to an error in =he momen=s produced by =he engine

to balance the aerodynamic moments. (It is possible to obtain an approxi-

mate solution =hat produces no net unbalanced moment but changes =he total

=hrust slightly.) The philosophy in HASTRE assumes a momen= balance

scheme =o determine the performance of a vehicle based on realistic

thrust vectoring; this goal is satisfied acceptably when =he moment on

the vehicle has been reduced to a very small level wlthou_ changing the

overall thrust of the vehicle.
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As expected, for no aerodynamic,momentCp! = CPo" _'v -= 0. The

thrust vector of each engine is parallel to the center of" gravity and

gimbal point y axis when aerodynamic moments are zero.

Note that the moment and distance components in the above solution

are in the xyz (center-of-gravity and gimbal point) coordinate system.

The moments must be transformed into this system from the body axis XYZ

system in which they are computed, and the resulting thrust components

must be transformed from the xyz system back to the XYZ system in order

to determine the total forces acting on the vehicle. The xyz system is

obtained from the XYZ system by rotating about Z the angle (-_), where

= tan _ _ (B-2o.)
kYGP YCG !

Thus, the transformation matrix from XYZ to xyz is

cos (-0) sin (-_)

= ,-sin (-c) cos (-o)

Lo 0
o'i i' 1oJ i'

LoI'O''-'in !]liilor isin c cos c

0

and the reverse transformation matrix is then the transpose of the above,

or

il'L-:
i' F cos 0 sin _ 0

= in c cos p 0

0 1
i

The aerodynamic moments in the xyz system are then

MAx = M_ cos p - M_ sin P

M A = M sin 0 + M cos 0y h

MAz _ MAz

(B-23)
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Now, _he distances are defined

_ = _ XCGAX - XGp I XCG XGp 2

AY = YGp I - YCG = YGP 2 - YCG

AZ = ZGP2- ZCG =-<ZGp I - ZCG )

so that

AY
COS _ =

_[AX 2 + Ay 2

(B-24)

and

sin _ =
AX

_AX 2 + Ay2

Ax = gX cos _ - AY sin _ = 0

gy = AX sin _ + AY cos o = _ X2 + yi

AZ = AZ .

(B-25)

Using (B-21), (B-22), and (B-23) in (B-14), (B-17), and (B-18) we obtain

7 ! iAy l

MA z M_ v gX

-i

P_
o

MA X
------+-....i -
AY ._g __YAZ

AY-
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-I

P_

MAz _ MAy
a

AY AZ

f ,T_ !+ __X-

M.Av _'X
i

_VS_

Note that the gimbal angles in the XYZ body axis coordinate system

are given by

' = _ - tan-i (_I = ° - D
_Pl Pl Pl

' = _ - tan-I <_) = 6_P2 P2 P2
- 0

and

, =
Y Y

The total thrust components in the XYZ body axis coordinate system

are then found by noting that

= tan _ '
TXI TYI Pl

= tan _ '
TX2 TY2 P2

= tan 6
TZ I TY I y

= tan _yTZ 2 TY 2

TYl =

TT

2_i + tan 2 _ ' + tan 2
Pl Y

and
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TY2 =

T T

2 1 + Can 2 _ ' + tan-

P2 Y

so _hat

. tan 6 '

TT Pl

TX = -

2 _I _ ' +_an 2 _
+ tan- _Pl Y

+

tan _ '
P2

/ 91 + tan 2 _ ' + _an- 8

P2 Y

1 +

%]1 '+tan 2 _
+ _an2 °Pl Y

l,]
%_i + 5 + "]_an 2

P2 Y

T Z ,, Ty _an _y

where TX, Ty, and TZ are the total thrust components in the body axis

XYZ coordinate system.
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Appendix C

VELOCITY LOSS EQUATIONS

The velocity loss equations result from the calculation of the

change in the inertial velocity, Vi, during the time interval ta - tb.

It is noted that

tb

vi(t b) - vi(ta) "_ vl dt .

a

(c-l)

Since,

V I
(c-2)

it follows that

V I

(c-3)

Therefore, Equation (C-l) can be rewritten as

t-b V I • V I

&gl - Vl(tb) - Vl(ta) --Jr Vl

a

dt . (c-c)

Three different thrust levels will now be defined. The first, T v,

is the total resultant thrust calculated as she square root of the sum of

the squares of the thrust components. The second, Ts, is the scalar sum

of the thrusts of all engines. The third, Tvacs, is the scalar sum of

the vacuum thrust of all engines. Adding and subtracting each of these

thrust levels divided by mass =o the right-hand side of (C-4) leads to

:jT T Tvac Tvac • V I

tb T Tv + s s + s s + _i

aVI " M M M M M V I dt

a

(c-5)
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Since Tvacs is the largest of the three, we choose it to define

ideal velocity so that everything else will represent losse_. This

gives

t_

D

AV I -

a

Ts - Tvac T - T _I " _I Tv]Tvacs + s + v s +

]M M M V I M

dr. (C-6)

In MASTRE

+ Ix]Gy
Z

(c-7)

where, assuming XR = 0,

_xl

.'zJ

cos Xp cos Xy sin Xp -sin ky sin Xp

sin Xp cos ×y cos Xp -sin Xy cos Xp I

0 sin Xy cos Xy

Taking the do= product of (C-7) and _i/Vl leads to

v-_ -_" _ +_
G

cos aI + Ty cos a2 + T z

l(+_ Ax cos _I +AY cos =2

where

 li::cos _i _ _I Xp

m

Tx + Ax

T +A
v y

T +A
z z

cos _3 )

+A z cos =3)

(c-8)

(c-9)
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icos Xy sin Xplos Xy cos Xp
in Xy

(C-10)

-sin ×y sin Xp1-sin Xy cos ×p
cos ×y

If there is a roll angle, XR, to be considered also, the variables in

(C-10) are used to redefine cos _I' cos _2' and cos _3 as

eoO xR 0 sin 1
k-sin XR 0 cos XR

Rewriting (C-6) and using either (C-10) or (C-ll) as desired, yields

Tvac Ts
S

--+
M M s + v M s + V_I " Gy

Gz

cos _3 - rv 1

cos _I + "_ cos _2 + _ cos _3 H d_.

2]

!

1 cos z2
+q Tx cos =I _ Tv z+ T

_Vl. _b

t
a

(D-12)

Wi_h the exception of Tvacs/M, each of the other terms in (C-12) is

negative and represents a loss. Now, defining the following:

b I Tvac 1ideal vel _ \ _s dt
t
a

(c-13)

(c-ll)
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ib<TsTvc)back _ _ s dt
pressure loss M

t
a

(C-14)

gimbal loss

gravity loss

t.b

---j=-
a

, -iGxlf v_- - Vq " Gy dt

ta

G z

tb

J i [Tx c°s al + T c°s a2 + Tturning loss - - M y z

t
a

(c-15)

(c-16)

cos _3 " Tv]d=
(c-17)

lossaero cos aI + A cos e2 + A cos a^ d=,, x y z ._
t

a

(C-18)

characteristic velocity m ideal velocity - back pressure loss - gimbai loss.

These losses are such that

VI = ideal velocity- pressure loss - gimbal loss - gravity loss -

turning loss - aero loss.

The definition of ideal velocity used here has the added advan=age

of being an analytical function of the atmosphere. However, if other

definitions of characteristic velocity are desired, they can be calculated

easily from (C-13) through (C-15), that is
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_b

f
t
a

T

_s dt = ideal velocity - pressure loss
M

t

F
a

T
dE " ideal velocity - pressure loss - gimbal loss.

M
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Appendix D

PARTIALDERIVATIVESOFTHEPAYOFF._ND -

CONSTRALNTS WITH RESPECT TO THE FINAL STATE*

The partial derivatives of the various payoff and terminal constraint

quantities with respec_ to the final state (position XYZ, velocity WUV,

mass M) are required _o determine _he boundary conditions of Section IV.

These derivative calculations are presented in this appendix.

Mass Mf (final cutoff weight)

_Mf _Mf _Mf _Mf _Mf SMf

_X _Y _Z _W _U 3V

SMf

)M

Inertial Velocity V I

V! -- (_ + U2 + V2) I/2

%V I _V I _V I SV !

_X _Y _Z 3M

3Vl W

_VI U

_U VI

_VI V

_V V I '

*Extracted in large part from Reference 3 (see Section Vll).
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Inertial Flisht Path An$ie

7 -- sin XW + YU + ZV)/RV

(-- N21 - V I I _f

= - , V I cosSY

z VI

N24

_W V I cos y

N25

_U V I cos 7

N26

_V V I cos 7

o/:, 0
_M

The equation for N is defined beginning on Page D-13.

Radius R

R = (X 2

_R _X.
_X R

_ 1/2+Y-+Z

SW SU _V _M

D-3



Earth Fixed Velocity VE

v,.-(Y +f +f)_i_

- _ A3Z -

_v_ _(:! - v ,,_)iv_7 : %2 -

SVE (_ )---__ m W A22 + U A 12 /VR

where

Earth Fixed Azimuth (Heading Angle) AZE

.-AZE tan -I WE

D-4



_X

_Y

_AzE
_Z

_W

_U

_V

VE
2

VE+W2E

PII

PI2

PI3

PI4

PI5

PI6

+
WE

VE

P31

P32

P33

P34

P35

P36

_AZE
_ 0o

3M

The P vector and WE , V E are defined beginning on page D-13.

Inertial Heading Angle A Z

AZ = tan I

D-5



3X I
I

_Y

]Z

3W

_A Z

_U

%A z

;V

V S

2+2"
V S V S

Nil I

I

i

NI2 i

NI3 '

NI4

NI5

NI6

W S
+

V s

N31

N321

N33

N34

N35

36

-----_= O.
}M

The N vector and WS, V S are defined beginning on page D-13.

Ear=h Fixed Flight Path Angle "_R

3X cos ¥R

+

_Y cos YR "_
VR

1 (D32}YR = i {=W sin YR -_- +

_---_- cos YR \_'"R V R

D-6



--_ = DI2 < VR J� VR cos 7R

-_-= D22 - _R R cos 7R

YR <V sin "{R_//V_--_= D32 - VR R cos ¥R

_7R
-- s 0,

_M

Inclination i

-1
i = cos (sin 9 cos A.)

_i sin _ cos e

_-_ = sin i N64 -

cos AZ sin 8 _A_

sin i SX

_i sin AZ cos

_-_ = sin i N65 -

cos AZ sin _ _A Z

sin i 5Y

$i sin AZ cos

_--Z= sin i N66 -

cos AZ sin % _AZ

sin i 3Z

_i sin A Z cos %

_-_" - sin i N61 -

cos _ sin 8 _A Z

sin i _W

_i sin _ cos @

_-_" - sin i N62 -

cos _ sin e _.,_

sin i _U

D-7



sin AZ cos ÷

_V sin i

sin A Z cos _ _A Z

N63 - sin i _---_

_M

Line of Nodes

-I AII DI2 + A21 D22 + A31 D32_

13 DI2 + A23 D22 + A33 D32_

-i
+ tan

C°Svi WS 1

Defining A
W S V S sin @

WS2 2V S" + cos

and
(Vs2 + WS2) cos

WS2VS- + cos- 8

we have

•, IN44 - A N64 + B -_

3AZ
___2_ \_N45.- A N65 + B_Y

_AZ
3_I3z (N46 - A N66 + B -_

_ B

_U _U

3_
I _ 0 •

_M

D-8



Orbital Veiocitv Correction ±V (Reference 7)

/_ ',211
_ J[ "'___eI o 2

AV = VC 1 , 3\RI / +_+a'-202 sin

2
i- cos

ll/2

e(3+ 30- c2)]I - vI

where

t 2_e RM ) 1/2Vc= Rz (RI+RM,.)

RI
D = --

RI = radius of initial point (apogee or perigee)

= radius of point one half of an orbit later.

Let

and

V C

+ _ 3 + K4 sin2 i - K 2 cos 0

B = KI K4 sin i cos i.

The partial derivatives are defined as the following

3kV $i W
-- = A.B

_W _W VI

3AV _i U
--_ A.B

_U _U V I

_i V-AB_ Vl

D-9



_--_= A _X + K.zKo_.cos 9 sin _ N64

_y = A _ + KI K2 cos 9 sin _ N65

F ]_av IB + e sin e I
_--= A_ $--_ _ K2 cos N66 J

where

2
K2 = 3 + 3_ -

?

K3= i+_ +c"

Maximum Dynamic Pressure Qmax

_p

-- 0 (not dependent on final state)

Range from Launch Site _G

_G = Re _NG

where

cNG = c°s-I(XLDI2 + YLD22 + ZLD32)

= Cos eLAI2 + sin eL(All sin (_e t) + AI3 cos (me=))

D-10



= cos _LA22+ sin -_LA23cos (Wet)

ZL _ cos _LA32+ sin 0L(A31 sin (_e t) + A33 cos (Wet))

_L = geocentric colatitude of =he launch si_e

s earth rotation rate
e

_" R sin _NG - DI2 cos _N

S_ _ R sin CNG L - D22 cos _NG

_G Re

_----Z-" R sin _N G [ZL - D32 c°s _NG]

_W _U _V

_M

In the case of range, the time derivative is required

_RNG Re sin _L _e [D _A_ " - R sin CNG 12 Ii cos (_e t) - AI_ sin (_e t)

The US, VS, and W S used in the above derivatives are the velocity

componen=s in the spherical inertial coordinate system.
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RTLS Terminal Targeting Constraint (ZVRTLS)

This constraint is based upon a linear relationship between the rela-

tive velocity and the range from the launch site. Additional input required

for =his constraint is the slope of the relative velocity with respect to

the range (e) and =he intercept point on the relative velocity scale (b).

Thus, the cons=rain= is formulated as

VRTLS -- b + e _G - VR "

The partial derivatives for this constrain= are:

AVRTLS _RNG _VR
:J e

_X ?X 3X

AVRTLS __G _VR

_Y _Y _Y

3AVRTLS _RNG _VR
_e

$VRAVRTLS
ml -- --

_W _W

AVRTLS 9VR
ml -- --

3U 3U

3AVRTLS _VR

3V )V

AVRTLS

_M
0.

Since =he range is a function of time, the time derivative is

also required

AVRTLS 3RNG

_t _t
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Definition of N Equation

To define N.. used above, N is a 6 x 6 matrix which can be partitioned
Ii

into four 3 x 3 submatrices

Defining

81 = _ - 80

where

and

_ 0
launch site geodetic latitude

8 = cos -I I X cos A z sin 81 + Y COSR 81 - Z sin A 2

where

AZL = launch azimuth

portions of the N matrix are defined in the following manner

N I =

-zoo,0,.,,in% ,inel-,,i,% ,,°,1-zoo,% ,in,i
R sln e R sin e

_x _-
R R

Y cos _ sin 81 - X cos e I

R sin e

Z sin @I
X sin e I _ cos e - co_ e I _ cos e ÷ six, _L
cos e - cos AZL

sin e tin e
sin e

. DT
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NII=

W S 3w S _W S

_X 3Y _Z

_U S _U S _U S

3X _Y SZ

_V S SV S SV S

_X $Y _Z

where

A32U - A22 V - Ws(N31 cos e + N21 sin ,9)

3X R sin 9

3W S A!2V - A32 W - Ws(N32 cos 9 + N22 sin %)

3Y R sin

SW S A22 W - AI2U - WS(N33 cos 9 + N23 sin _)

_Z R sin @

3_Us =_--vI_-_ _s)/_

3US

_--_-_(v__ _s)/__Z

_s$---_=, (NIl W S ¢=n 9 - N31 U R

_vs )/-_-,' (NI2 W S ¢=n 8 - N32 U s R

D-14



%---i-= (NI3 WSctn i - N33US

and

A m

sin AZL

0

cos AZL

cos sin e
AZ L

cos e1

-sin _L sin eI

i , -cos AZL cos _i

sin eI

sin AZL cos eI

NII I = 0

NIV --

B

Nil NI2 NI3

R sin e R sin e R sin

N21 N22 N23

N31 N3___2 N33

R R R

Thus, N is the ma=rix of firs_ partial derivatives

^

_WS
N _ -.--2-

?U

where WS is the 6 x 1 vector of spherical coordinate system state components

Ws!

R S

VS

W S =
¢

R

e
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where: _,q=V • E
S

U =V • R
S

V =V • S
S

r -g.R

^

% =R. S

and

R

I

X

R

^

ua x R

i_× RI

S -ExR

and W is the 6 x i vec=or of plumbline components

W

U_

V

X

Y

Z

where

WE-_ E • E

UE-_ E • R

VE-_ E • S

Vm - V - (_ x _)

SWE SU E

p
3WE 3UE

SVE

SW

3V E

IX
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Appendix E

FIRST PARTIAL DERIVATIVES OF GRAVITATIONAL

ACCELERATION WITH RESPECT TO PLUMBLINE

POSITION COORDINATES

The matrix K is defined as the matrix of the first partial derivatives

of the gravitational acceleration vector in =he plumbline system with re-

spect =o the plumbline position coordinates. This matrix is used in the

gravity related terms of the adjoint (Euler-Langrange) equations.

8

8

_GX _Gx _Gx

iX ?Y _Z

_Gv _Gv _Gv
°

iX _Y _Z

X All

- %=

h=

m m

G.TX GiT G.TZ

GTX G.'Df _Z

GZX G.y GEZ
m I

IG22 X

IG_2 !2

GII is defined in subsection 3.1.

A.. are elements of the A matrix, and
13

! is a 3 x 3 identity matrix, the

3 '_e _ 20 ¢=s2 . _ . & _ 14¢_s29

"-7 = "7 ""

D \/ - _I - Z& e:S'_/ COS

cos%

E-2



/

' "-G '_GTo "" - "

_5 " S32 R sin_ _e R _R R :- -,'
\ /

" _" i0 J cos e - H - ,.. COS - / _"
\ /

D 2 - 36 cos'_) cos

i _GTO

G33 -----

=-_ J -6E

- "'- 1¢0s6 _-- J - , :os .

; \a/

The fact that K is symmetric can be anticipated, since K is also the

matrix of second partial derivatives of the gravitational potential function

U(K, e) with respect to the plumSline position coordinates.

In the event that a spherical earth is being simulated, K reduces to

K =GllI + G22 IX Y Z]

with

3

G22 = - _ GII

since

G23 = G32 - G33 = 0 .
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Appendix G

PROGRAM LISTING
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PtIN

16

2*
),

q.

f.
6.

"" " 7_

8.
9.

10.

11.

12,,

- - 13- -
lq.
IS,,

16.

!.?.

10.
19.-

_mlh FROGRAM

CH,iR& C T(R"6 O H(JG
CHAR&CTtrR*6 PI$|¢N tHI[AO(R,ATMQSN,NAM(,$RZD

EH a.q4-_ T(R*_LL OF F IG E-v4) &-T(-
CHaRAC T(R*q8 TZ TLI[

LOG ][(; Jik Olr I*AkC t L |I4P

(O_O_tCCC/G_aPI_,JC,C[MaN0
COmaQk/J(PQ/kT&LFHI2),NTS(TA(2),N1PACH,TaLFI'i IIt2),TAL'IHII1,2),

2a.

21. --
22.

_-4-,.

2q.
-2st

z6.

27.

28.

z-g_

3c.
);.

32.
.... 33.- ....

3eo

36.
37.

30.
39.

.._....__ ._

q3.

,tee
qs.

q6.
__.._._._ _.

q6.

51.

52.

ss.

r.6.
$7.

-- -- $8. ........
5c;.

*lXPA¢I;81,CAJlI!,!],61,CNII15, 11,6 ;,CMaIIS,I1,6)tC_A(1c.,II,6),

,_v • 4-31 • | ; _,k|-*e;I- J- ( L -c_,-_i| e&-) ................

(OMMQk IA(RQO ]/A(ROC ( 3_t |b ) ,AFRO8 ! S[ _5,1 ), T CPJLCI- 120 I ,CELCA ! 20 ),

I:NlwGNE I IS ) IOlcFA E 1 | SO, 2 ) _SMFTHR ! 5Q t ; ) ,0El. CN (;Q I , I;(L¢lq ( Zl; |
(OMIIQk I/IGI[kl tTZ _E ( ;,]i6 ) tTAUT ¢ IS) ,T/UId ¢ IS), T _1[R¢ ,TL_FT, TTZL It Tt4 INH,

_ _ eCT_,TC_;t,f_NJUG_|Nt[f6v_S)tF. NGOATIStJS)e$IJC.,),;dCIIS)e_,J(Tf|5),
eF(*Q,FRINTII._)tSI(FIISI,HNO_IIISItHI'AX115)• FROg(6) tTB(GR,T_KORt

CQ_I, QhlAG(h2tAAt(A_CJ_ALFt&LF,ttCHlrF_SCI._p_¢CH|F,CH[y,SCHZy,CCHZY, '
-- *_[H|R_,SCH[R_CCH];I;_SIH,CTH,STNI,._CTHt.,OPI4|2_RTF(,R.VR_XM_M*SI..$VtQ*

t_1¥|_ c. I_OVAR_.II._J_C(LXOII(|S,3!,O(LXORI 7t;*l ,C(LXC(|S,71,MZ[KO,ALT,

*)RACHI;OOT_FIA lF/N_A!]I3!eCA$[,CT2,UHF,A|2ktA22ktA32_tx*JrXT,E(u,

*EYL,8_L_BHIqAlIII-_I,EHMN,BSTEPI IS)eHkMBeI'MX8 eTPOLY,XMIAO

(O iI.IHOJ_-I-&6 i_ N,I-_-Ii--TI,_.r._M4_r_ Itl _,,,_UIqP ,KLT tXC-Y ]JilTU.&G._KS._XId_&(..II )_ L._k_.._-_-----
* kO 6CT Iq I _N(NcCT I q | eNI4AX eNO(VNT I _ ) _l QM0 I 1S I ekVk I _NMVN_ • |_(AC e
e_,[kH,_l'P$1rt. GI 1_) _,kSIS;iLS)•_cONSMgZi;TLS,|PQL¥_KlkOSeAnOCRB,_2SZ(_N,

4|RTF_.G,NROt.t. eNC(JSI•_FAC_,NOOA$[,LSTG[ !|5l _PSMC)'_ |SI
¢OHMO&/aG(k4_QALPHI_GG(TJ,OCN,$THI,CTNItXJ)I3!,X.JV!31

COlCHOk IAGIr NS/CH | OA _. tCHP_IAS tCHYSliS_ CHIS/1_ t T ) _le TYY, TZZ ,AP_I _ APY,APZ,

COPt_Ok 1Air PEN/V_ _AP eel _C_, X_NC ,XNQ0 ,X_kO • TFETG, TH( Ta ,PH| tRNG0 _RNGA
*k,_ZZ,aZR( - -_

(OM_IOk/AI._T# _LA I ,&LONGO _AL TL$,NTAEL£:
_Ol_MOk I&ROC/FI_ | Ill I_,ATHOSN

(OPt, O I_ l.IS T CR ,_,IS t CR 4_m67)
_OItHQ,.k J&UT GII(G8 4 qCL].,_AVCP (61G) ,XLJI* s (q C ,,Lf_ I-.e [P..2

(Ol*_Ok _AVGGP IxG F a,_ IGPi,_ ZGPA

CQMMQk/SAKF/bZS$ l|CtlOI _YLF (7,1(]1
COl*_Ok/9G(N3 &NO E ._, .T6 tN(NT ,NAc'r ,N 0VJ ,NFf_ I

CONNOk 180OYI

(0PWOktSOPC0
COIqMQk I¢ONST

*EZERO ,FTN_FT
COI_MQ k/CONTR

'_(YCTBL (91)

_OP.HQk/CO N YK

COP_Ok tCOVL/
(.OPMQ P,vOOE LX

COeWOk v0ELFa

_VI._I(IS,IOI,_LBuIIS,IC!,GJPHZ IJOI,_ROC(2, LCI

l_Okll |'St2ItTXCG115_,21 ,TYCr'|LS,2) t]L(NI2)t_IR(F t2l,
} ,JUt.l 2,1-_llP (]O, ;.), _Y ( 10., 2.J ......................

PINCJ$(e0FFIC( eTITL(, 0IT(e._R|O lEO) ,&OTASeN_'RR

/RA[,P|_R(,FLAT,CJtH_.,CMI_E,OPEGa eJt-Tl,kkT2*PSL'
XG, F _-F 1_4,PFN ,PF KG tPSF FP
CJT_gl. (3C),CPTELI30),CYTBL (3(]l ,_OEL(91I,CPCTOL(91),

#COk _1(I1S,3) ........

COrr. ¢1C)
_GnELx IIC)

EIOELALTI?SI,C(LFA6t2 c),J_)C,._] I,;TCLIISI

61,

65,

66_
67.

COI, WOklOrLFI ;/SF;ICO ,SYRIC8

(OI_I_OklOrLVPIOEL_P,O(LVG
CO/_.eO_/OEL_I/CEL ] 17 )

COI*WOI_tOELJHI(_(L)H ill I

CO PI*O i_tORHC/(RH C 19 I _ [ 1, II _ PP_ t WGNU

COM_Oh_ORNE_T _OREG r_T-! 2-_--
COemOP, I(LEVOktE P JCl-! 25,2 ) ,(LEVON! 2. _ ,q ) ,_ lO tPI ]
COP_Q_(NPUT/FS_KSrI6,ql v_EAO(R(2(;I ,NvRSTIeIt_CCR(S(6,,,aI,_ST

CO Iql_OI_ IFHX xl F _x X ,/_ _.u _,itG _,SP4: A

......... (Ole_qOktFQR|N T/H gONI4 ( _ ! e T _ 1T _d tU 9V 9 ; _ y _ 2_(R | _Z JIF 1|.8 ) _0V iN I _. ) ;FSAV(
* (6_5) _hYRG19 IVI ,hlrRG2_TV2,NTRG'_eTY._tNTRG_,_ TIIq_hIRGS_TV§_NTR(_6, TV6,

_ ,"-TR.G-T,.-_rI V 7 _hT G.Ga-.e.;V-8 eN TR G-9 rT V9 ,_AITR G-tG._-T V-IQ _k-T,_q.G-&.4-e.Z-V.L__.J_.TRG._.-,..T-v _2.,_---

*kTRGI 2 , tVZ ._, PIN( ,X KOER,EU,EL _ _¥k, I'_X,HeN,T4_W

-- - (OPl_Ok_GNu/Gk_t 1() ...................

...... COle_4Ok4_MptG JplO 49(, 10 ) _GSPTO (90_ |C I vAt-TO I ;G)_,rS |TB lqg) , TS4 ._ !

* ,DELT $13) ,XJIO
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_.68.

(,9,

7C,
71.

72,

7._ .
_Te.

75.

77.

.... 70, .....

79 o
80.

81.

82.
83,,

- O**,
85.

-.---..4 k,

87.

88;
89.

9C,
91.

93.

9e_,

9S.
96,,,

97.

_qe.
9q.

10C,
101.

I0:;,
103.

105.

106. C
lf_7. C
108. G
109. ¢

---410o- --r.----- -

111. C
112. C

L 113. o C
lie. C

(o m,O_ T]PI_ t_-l:A-v-Jr;:M h-] L-Br_-? • K 0T-( 1S1-v;=AN4-vPA-T r,-.7--.--- ---
CO_MOI_/IR I JO JIIR TA CJ

COMMOklISTigltdSl&I;T,ISTAgTII),STai;7VI 3OJZ),$VaIN(:.SVXkCC,SViZRE

CO_MO_/IUs£/1_S(

cOMMO_ t_JJUMP t;.IJl. PP
(OPMOk/JUMP$1/.JLPP._T t TSAVrT twZERS7
(e _,Ke-_t; Pl_4 N-I-,_',-; J _-T-, tNWa T, PREDP-_ G-_ • 1 G L

COMMOI_/LOAOS IQL C,IO I| 6 ) vOTiVE( 16 ) t O¥ JLUE I 8) oSAV(lB,&)
CO M_;O _/LONOF F tL EVf_

CONMOklLBI_IT]IqLBP!._O),THRLBMI¢O) ,WCTLBP(._O ItPLBVI2),_LBI_loVLB_2,
eJLB_(_|eBLBM(21 oCLBI*IIIeVLB_II)

(OP;4OktNP$/T llalqFt! 15) tFTBL!IS!,THPCT(IS!,GL|NI l-f), TAbALT(5 !_TALTBL
e I S4-_ MT-S-I _rNP S ;._7.E i; |.P yG I_1M | "r

COt_MOk/NA_(/kAMEI1281,U0RCI12(_)
CO_qMOk/NiL |W tkAL IV

CO_tqOk INTZ_I[ INT 19[

(OMIqOk/OLOt_/CLO beW 1NT
COP.MOk/OMS;C _,IF ¢1'$ 115 ) AFROS IIS ) ,1.;( (;*S I 1S), bCRC- _ (15) t MOCUVP (1_-1

CO P_MGJI_ OU TP_ lO I.-ll'.lk.,l-k I..._OU T 71l t["6 )-fOUT |.SP LkJ-_.,.t.-T.Jd _r.LkJ. ....
cO,HOE IOMA X/clqA ) ,OFL6 ,OPEN ,_AXO

(OlqMOEJ_(STt_;$T; vNcNR$1q I,NTCN,TR (eItLSBtNFIJtNOFAAth_ZBl115 I
COvP_Qk/RESIXIAE_.lX ¢IC,q)

CO_lqOk IR|CGN 1sT 1 JELl 12C), S2GMA,S|G 1i§ I ;D J, X 15 v_ ]E
CONeOktRTLS/'_RlklI;)_VSLOP[!2|

CO;_NOk&SRMISI;MT.Ti_4.;SGle_,RMFTB.¢2SOI.,SR_uO;¢ ; So ) ,-SRff* A (, 12 ._, _t_;B

CO_mOA/STA_T/STJiL T (15!
COI_O1OkITAB IS;:P_ laU ,T INISP ¢ 20 I, T_F I SP ¢ 2C)

COPMOklTABS/IBL ¢)IDII,bBLIIC|),UL_L f IC1),VBL (lOlI,XBL( ICIItYBLII['lJ,
X_BLilC11vx_gL(1(|J

(0 MlqO _ / TA UL Z P I '_ J LL IM eNT AU 9NB[ T A 9 T 1 P T AU

GO M M G k / T C _ / T C _ ( _ I _TV;k ( k J 1 _ T k _ ¢6 | _..Ql 110.

COMMOk/VA(RO OvA(RO( t l_t 19 I _M18 _rM19 tMBS 18,HE._lq

COp_Qk/VCHST_/vCFS 1G
(OMMOk/VZC/V|C( ; )t X;(I(I) _YK_(2),XK._|2) .XX_ I;J sL; _

CO_Ok,_WINC//LTIEL (?c),wTPLI7S,2) ,kVINC

COI_MOI_,'XlRAI _O 115 )tCFR ( 15 ) tF 115), CISP I 1S)
[OMNOklYI;J_'YL]'NI (7910)ePHTIE! 101 ePSIR((;| 10),XC_FHI( i_),leSlg(1 r_)
CA1k LBPM/.FILS[.]

e8 mmo eo o*_*.o tlf_t m eo m. oBm

|HIS FROGRAM WAS FCRNULAT([_ AN0 P_CGRA_MEO
(URINE 1973 IND 191_ BY ,.;.1oLYONS Cr

kOATH£OP SERV]rCESv INC., HLN_rSVZLLE_ ALABAf'J.

FUI;1H[R MOC]CAT]cNS _ERE IVPLEMENTEC B_

. rl_rL-_ GN S--GF-- t_F k1_3"]'C-S"vT N_ -_4UN T S¥-1 E k _ k.A
[URINE THE FILL CF 1980

-- i15,

116. C
-- 11-7, -- G

118. C

12C. C

1 " 121. G

122. C
- 123, (;

12q. C

_12§. C

(o.eeeemommeOMASl_Ee,eeoemommBm

P NININU_

J ASCENT

_AMI_TCNIAN IMIN-_ |

TR 7;AJ(C10¢_

E E_aLUAT|CN

PRCGRAP

410tltJttltttJllStttttt

126. CALL _FS|NT

127v .... *TX_(:l
128. kCASE:l

-- 129, ......... _SlS_l:0 ..........
1300 C

132. _ CO_T_L(

-133e £ ............................ 0BTAIN TNFkT AkO 2k1T1k1_aTTCN Vak_ES .....
13q. CALL VENU

13Sv C 1NI[G_T( IHE TRAJECTORY
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136o

--137.
138.

- 139,,
1_0o

-- lqto

lq2o

lqeo

- lest
146.

Iq. 7,

lq4,
----4_g -

15C,

151.
1S2o

153,

IS_.

----4 S!i.
156.

157.

150.
IS9.

IbG.
_-164,,

llrlIPI;,EQ,n,CR,I_CHI, L(,S! GO TO S

EE EWP-eFPR F J G.._I+¥ llr- ---_
FRl(q: | .-(_XI= (-CELtP'I(NGO&T ('/tl),'I_NG_AT I 6t I ) I

§ CALL JFQRUh
CALL IFORNO

- |FINN&I°E(6OI-GC TC 4
1.: CALL EAHRN

_ ! TK-I.O ,..3G l---L,4 r.O-_t.-4 ;.)-,,.; "-J.-_-7 !
3C FOI;I'II 1 (/1 _, 1 11'C ( _ LAI_BOAS/t 3X o$111 _ .6)

..... (ALL IIOLX

|FIMOEAiTI.I[C.Q) GC TO 3§
kO$$:_GSS-NTCN

CALL aFORUN
CAI, E.--_ OR Nf,.

!c

C .....

t

I_OS S:_C SS'PkT CN

CALL EaObX
CALL J k([WCh

kel AX=kl_lX. |
_0 TO Z

_N iX-" !

CALL ECPTSL

cALL EIPTBL
|FIGIrPANO .01:. L_SloEQoI| GO TO 2

_.TCP
,ENC .........
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ICNTRO

le

2.

3,

q.

r,.

.CUBROL TZN( ACKT_C

DETEI;I+|NES II4E _ALUES

1ABLE _.

OF PTTCH A_[ ¥1b ATI|TUD_ akGL[$ FRON CONTR • OL

_e

7,

g.

1O.

11.

12,

13,

..... 2So

16.

Z 7_-

18.

...... |9,

20.

21,

22,

....... 25. .......

26.

......... 27. ......

28.

39.

3C.

.... 31. G

32.

.... 33,- --+-

36.

31.

3e.

...... 3g.

,IQ.

ml_

m2.

-- I13.

61q.

-- qs.

q6* C

sT,

m8. C

SG.

CHARAC 1(R+69 H(/l_

CHARAC TERe6 !"1 $ | (N

COH_Ok,_AGLrI+,| ITZ PE | ;+ JAJ t TAuT ( |S I t TJI_wI 15 |. 121[RC ,TL 21r T+ TT;L T + TI_|NH,

*(TZ _tG _tb ,,XMIUG _tNtlAtlS) ,(NGOAT I 8, |S I ,Si 1 | I,WC I |S ) +wJ[T I 15) , --

lk[A0, I_R|NT I 1.c),$ I[F(IS) tHNOMI ZS) ,H_IX I |S | ,FROP li_) , TB[GR _ TI[NOR,

tGI4ROG-I_rGH | R0 _F-A+_L-tB Cr[ _ ,_ ,CBlX |_._r4 _;)" |R_ VRCU-I-_c.P-G.FAC+_.JAV (.L

CO_l_OktAG[k21AAtlS tCItALF,ALFYtCHIF +SCI"TpICCH|FtCHIYoSCHIY,CCHtY•

*CH |R • SCHZR ,CCN| & tS 114 tCTH •STHt, •CT14t. ,DP14 IZ .R 11-( ,i; •VR •Xl_, St/,$b,$V •Or

t_| ¥12c.) IDVAR.C || 1. )t£(LXOld¢ 15+31 +D[LXORI ltAI ,[[LX(_(|SIT) •UZI_'R0tILT•

.... _mNaCHtGDOT•FJA+FINtAI3•3)•C,tS[+CT2vUIAF•A|2btA2;k•A32ktX_J(XTtG_U+

te+L ,8(L •BHPA i I 1 c ! • I_MIqN tBST(P I 1S ) t HkMB t 1414XI_ t ?POL ? t XM ][AO

.(-.O lAll G k-4-aSE k-l-_.l,T-l.,&,_-t li.G-rl. _I-R ,vUNP •X A.t-+,rXG¥ T &8 _JJ:JL4; _-_-r_LLLI/_-l._Ir_-h£_--

I k96C1 Iq ! •N(N(CT I I I tN14AX •NO(VNT | S | tkOki(: 115 ) t I_vl_ 1 tNVVN1 t Jl_(A r t

lk| k14+ PpSIr t;G | IS ) skS lST | IS | • )CONSH • ZI;TLS t][POL Vii( |kO _,KIto(RB • I_]_ST 0N,

4 )R IFLr- ,NROLL ,NCCIS I+_F&CT •NOBIS( ,L $'TGIr (15) ,PSVCI-t 1.c I

CO1+140 k ,+SEE h 3 el, O ._ ._ t ,_TB ,,N(N T •N&C T •N 01* ! ,_N F (11)

(OP_Ok/CO/_ST .'IIAD ,P ] _R(,F LA T _C+1.14, £. +C_LE,O_EGa •_L T ), AL ;2 +P SL,

"G_ (-_G-_F T N-_rP+T-_ G.r r_ |F4 _L_PF N._ P F K C_. P $ F F.v --

coIqtqok/coIqlRClT T|L t3Q) •CPTELI 3131 •C'ITBL 130) ,1OFL 19l)t CPCTBL I_1 ) t

aCyQTBL 19][ ) - +

ColqMOk IFO;I IN 1114EINI_ ( 2 I t T t T_ ,kl •U •V _X ,Y t 2.Xl4 ] •2 IF 118) t CVIR I 2§ ) tF" SAY(

+ IA_S),kTRG_+ lVl .kTI:G2•TV2,KTRG3•TV._•N_RG_,, TlIIi_kTRGS_TVSthTRG&•TVk•

ekTRGT_TVT•hTI;GS_IVS•NTRGg•TYg+NTRCJ0tTVI(]_ P IRGI|tT¥||•KTRGI2,TV|2

COMMOk/TkOLK*MCCk| _MCON2_"CON3,MCOK_

_[1 CF|P ANO CH|_ IS IrUNCTTON$ OF T;Iq(

)--'1( vT J |KCY TIE )- |

kN:NP IKCYTJI_ |

|r (NNe[0eG) R(T LItN

GO.--_O--I.-] ..2, _;-t_i- J -t 1_C-.I-_ A B

1 CALL II_ULGI| _MCCk] _Nk•|_TOBLI |I,CH|PtCP01_L| |ItC14TI',CYCTBLI )

_0 TOIS,bItZ

2 _AI.L _UI.GIZt_ACCk2_Nh•TtTOgLI 3ZItCMZP,CPO18L¢ ._I)ºCHZ_,CYCTBL! 31

Ill

GO-- _O l $.+. l ,p_ ........

3 CALL IMULGIZ,_qCCk2,NN,T,TOBLI 61)+CHtP,CPO++LI 611tCHTltCYCTBLI 61

Ill

_.0 TOIStbI_Z

II .COht_kU(

COP[ _(R( ZF

COP( F(R( IF

6 i;[ 1UR _

ENC

CHIt:(

CH] V.h(._
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I ¢_TQP _1

.... 11-

Z. ¢
........ Jur -_E

_o C

6. C

..... 7,, G -

8.

1,0.

LI.

!,2.

13s

lq.
....... 15_-

16.

iw

18o

....... 19v " "
2¢.

..... 21r -

22.
33.

2q.
..... ZS,

26.

-- 27,,

28.

3C.
31o - -

32.
.... 33° .....

3q.

36.

.... 37.
38.

.... 39;
qC,

QI2,

i3,
qq.

- _,6.
qG.

u ..

1,t.

50.

SZo
52. C

_E--.. C.,

S_*. t,
55°

57. C

- --- S8. ..... C- - -

59. 2
-- --_6G, - --

610
L-I

63°

.... 6_; C --
6S. C
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COPNOktGARBG[/O)I ,DYT,,.GZT ,DWOY,UOX_'f_ tUCXOY ;,XC(_,YCG,TXIeTX-_,TY I_TY

_;, ¥NAI(3) t. TX.c•T¥-_ T&Ue$|NRI40
(.01(NOI_ eERJ V/E1O ,£1 I,G22,G2._ ,G33

£O _l_O & l_[Mi£H t I'M Ji 4;N.

COMMQk tLBM/T IMLE;' ( ._O ) •TLBP (30 ,Z) ,pLB P( 2 ), I*LI;l" 1, I'LBM2,

O_LBHI ;),8LBM (2 I ,CLI_( 2l • VLB_¢2)
(ONMQklNLAST tel JST •MMWM 9KKKK

COf_NO_dM20/M]T, P;O iM2|elq22,_23,P(_lll
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_C_i, ...... -4(5 i 914; S I,_FS ;, 1"Gilt I, _GL;M| T

SS.
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$7.
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69.
- --60,

61.
"..2.

63,

..... bqe

6S.

C01_;_Ok INT TL TINT ]LT

(OHHOktOHSRCStFCPS I|SI,FI_CSI|S),W(_CHSi 1SI, &CRC$ I|S),I;D(_U_P!!5)

COM_41k tOUTP_J4_G It? T-t-tt_)_ e4UT-TV4-4_)_0 U_r T_ _lkl4r_ 8-464
COPIMOk/OlqJxlC_.q&) _QFLG 9QP[N,PI&XQ

...... (OIm_OktLOADS4OLGJOIIkI_QTIM(II&I,©V,tl,.U(181 sSAVI[18,8)
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COMM0k ISRM(X T/S RP( ]sT
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66,

67-

69,

- - 7Gr
71.

- + 72, .- -

73.

-.------7 q.

7S,
- - 76,

77,
?11,

77.

-- ,11.0.,

81.
- - - 8,2. -

83.

$,_. ......
85.

87.
..... 48.

89.

- - - ?O,.,- ......

91.
93_

93.
9t4.

?S.

96.,
?7.

.ga

99.

109.
lO1.

102.

103.

10S.
-- lob.

107.
108.+

109.

---I;.¢

111.

112.

ti].
11s.

..... 115r .......

116.

!-- --II;. .... 2r,-

118.

12o,

- -- 121" .......
122.

-- 123, .....

12q.

126.

.... 127,

128 •

.... 1291 .........
1 130. 21

I)I. ;;

132,
- - 133.

I

(Oe_o_JWIN0t JL T T[L 175 ),MTBL ( 75,2 ),_WINC .....
COld_OktXVIXV [q;

.G; Mi[N-_..] ON.. vaaG% ;-I v b&RGO.$2-_,At_ (2 |, 8b_J 1,(11,11-; I

[QU]V JL[NCF {WHIG, bARGi I | ) o |AZldeM I;G[ 2 I)

C;I'FNSION ,ti[l_O1111 sllXl_( 3),I+|NO[ ]) vRXMXRI3) ,l.R! _)srUleXi_(]),

eI(RGQCI15),0[CXI() oAa1121,88112111C1121 ,AFIOI]),SFJO[]),
4(Irle ! ._) --

[QLIVILIPNCE IFAI_FIO111)It(FNII,FAEII21 )tIFPE,FAET{3)I

_)bZ V-iq.-ENG(--4G&-I kP TA{_4.I F; T4GAOT-IERQ-| a-;-I _,._(-¢lr8G-TJL.TA;AO_-I-L.I,
I; (CJqALF ,Ai[IttO ( q 1 I , ICPO t,ll(gO 1'5 ) I, (CNA(i.p_A(ROI 6 ) I , (CNO(TA_AI[RO 17 1! .

........ 4 IChO ; JEI_Q l IIl I vl c'rg[71 +,II(1101 ql 1 _ li[1+CcJtl;O( I ( )1 _ I CYQ t&i[A G l 11 ) ) t
iC_80,A(ROII;11 ,dPk/qON,i/RGO1111, IFIZWCH_MIRGCI2) )

..... C[PI[NSIOM VI|AOlIIlI_VA(RO011ilI,VAIIIlI,vB¢II),VGI18!-

tOla]tVll.(NCEIIClCFe vl(llOll) )tlBCACF _VAER012 ))p ICCACF,VA(I_Ol _-)),
" ;-" G_GF-_ Viii R_)-4 al_-_ t,8¢hGlr-v ¥ Ill I_e-¢ S 4--I+,r4 CI;N P,,F-,.V.J$R_O-t __! !.

lllC_Ct,VA(RO 171 ) ,IBC_CF,VIEROKEII, ICCRCF+VIERCI+) ) ,

*IAG&NF,VA(ROIIO) I+18CAHF,VA(ROI11 II,ICCIMF,¥&[ACI121 I,
ll&CNHF+VA(AO I]13 | 1, ISCNMIP,vA(RQI1111 ),(CCNMF o'4l(R¢l lS) 1,
* II CIqMIr ,VA( RO I ib I I ,-lllC_Hr, V I(RO [ 1 7 1 I, 1C CMMF , VA(R C [ 1 II 1 )

(T PI[N,C ION 8A(RO I 1:1
c Oll,.[-V+l.4r_Nl;i[--¢r=-&-_+-s, il._-l_O L..I..J | _,I CN_..,,.l lllinO..( ;-3-4 +,.I.C.Iq,?,.-,.ILL(IIO..I....IJ.I.+___

*t¢$.SA(ROIIll ),iCP)I,SA(ROISI),Ic_*Y,+I(t_C|G) I
_,_P(NSltON OFIOflI,COFJBII},_FII),IIFII;,CF! 11

CAIA _KI,XX2,XK._,Xlqq,XKS,XK6,XK?II?ToO.,.0C19UG3,..IOtO,3OqS.,

*JIGe_,,,a;33,SC063 ,/
EOQST:ITHIt.LE.NCEVkT(11
CRi _T i; =,..M O T..,,|GO _l ....

kUP.,C: I

_2 :xm]l*Yav*z eZ

R:$OR 1 IR2 )

SChlP:XVI 11
C¢_IP:xV(Z)

s CI._ Y-.:x v ¢ 31 .....

CC_|¥:XVIel J

CI"H"iIIlt_2 )l:l*A l;+;i'l'Y+al 3,2I*Z)IR
C?;:C I_.*CT).
C+,llL L JGi[O I 1)

EX :x*E ll-ll I ,Z)*¢TC

_Y'-YmGll'_I2,2) sET¢ ................................
(Z:Ze_lI-_I3,2)';_T¢

;Tk(=_PFeR_/ IUIqFeu_Fe!I.-C_2)eCT2)*e.5
II. 1:R - 41TH(

; rO 19 I:1,2
I$ I, Ih011):O.

kHAG:_..

lZb:(].

i_RIl J:J22b*_-i.:_tV

u aA-i-c_..)_:]-2 v,_-_t-i. £_, e.t_-- ---
bXR 13 ) :,li12bm ¥-J _,;_ l_
kJ{RII:£GRT | teJlR l | l 4M)I_I I 1 ) .(.VXR ( 2 I+UI(R 12 ), _xR ( ,s !,b ;£13 I I ......

(0 20 1:1,3

kWSRIII:MXRI|)_k)I_I' -

LI_¢II:xIR

LRI3):Z/R

;i(bXR ( 11=U; ( ; 1,% kXG ( 3 I-_J;; I 3 !,eUMXR ( ; ! .............. ;. ........

RXMXR I2):UR| _.!*l,_lmX RI 1 )-U#I I)*UMXR 121

G]{ klXll I .I |=UR ( I 1,_ +..Xi; | ;'. ) -_I_ ( 2 )*UMXI;' T | / .......
lrtmUlmO.l[_.() tc TO 22

CALL £PLIN( I ; ,R 7 , 7c,ALT ,aLTTBL ,MlflE ,Ml EL,_ IKGC ,2_ _SR_+ _V +Sk_ CM )
!_2V:'SlN ! lIZI, )

CA2U:-COS I AZt !

CO 21 I'1+3 ..........
Vlk(]l IJ:MIqAGeISJ2W_IUWXRII)ICAZM,eRXbXR! 1) I

r V t41-..k _tR 41-| i--HN _-4]H'

_U:UebXRI2)-klNC 12 1
cVZV-bXR! ])-bIN_ (3 I --
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13u.

13S.
136.

137.

138.
139,,

lttC.

1_tl.

lq2o
_.ql_

]L,q°
lqS, C
lq6. C

la;7. - ¢

lqO.

ke?.
150.

ISl, - C

152. C
153. C

15e.

156.

IS7.
158.

159.

16130

161o C
163. C
16q*

165.
1660

C

_,R_ :S I.*SW* SU*SU 4 .¢¥ _S¥

_R=SOGIIVR2)

19S.

196,
197.
198. ....

199.

---- 3OG •

201.

3CC

FAlll ):tLT

(ALL ;R,163 (PeT, J I_ CSN,IEP )

FA_:P • 1 (2 I *ICO0C,
;HO=P aT 16 !

)MI_:PIIIIOI

I;E wNO.."l; H0 _t ¥p x v_ |.itS_) Mt.;........
)MACH :_IRIPJT (9|

CALCULA7( aLIITLt'E FOg BaSE FORCE 1aBLE LOCXUF

[aLIB:tERO01 1,1, I)-aLTLS
_: l.r.A k T*O Ab-T-B.

IFtBOC$T) G0 10 ._OC

cPLXNE INTERle0LITICN IrON SECONO STAG( 4[ROCYNaP]C 0ATAI_ONOYARIaT(

_*CH : X_SCI-

._F ¢X_IGI4eG_ riG, _- X _&GH--" 4 O. ...........

CALL 'CPLINEI 12,;'l,2D,_ZHIC_,JERODII,I_I,AERC,,tEKCD•AEROCD,I e_2,a_t<,
*88 ,CO )

)MaCH:$_aCH

(0kTIk_E

JFIITFK.G(,NCSaSEI (_C T O ]|

.CPLINE INTERFOLAIICN F0R POMER-ON eaSE FORCE EFFECTS

L:L$TCE(ITpR I

]FIL.E_,.2.at4C.TkEI ]•ITHRI.LT,2,B) L:3

CaLL ._FLIN(( 2•HIc,sr,.HGT,AEROllII+I•LItFJBT,JERCEII,2,LI,a[RC_Dt 13)t
--Ik_----XI,_q,JWABebFIS,CFAEI

168. E0 TO 32

169, 31 VAB:CFIXIL
----J-? 8 _ rNit zG_

171. FH8:O.
172, - ]; COkTlkbE

]73. _tt:xM JaO* XNALG

ITq. .... C - EARTH RELATIVE VEkCCITY -

175. .cME :v-vxR¢ 11

177, SV(:V*VXR ( 3 !

- _L78_ VE :SOR1 ( SME* SV( "SUEeSU[+SV(*SV( I .......
179. t: .S*¢t.O*VR2

--1-- 18 ¢1 1 r i GPEk=dlfAXl IgF(N 91;IFSFFH I ...................

181. 50:SI ]THR100
1"_2_ _;I.1 _E

183. 2.t ]FIIFI¢T.N(,.I.0K,IIHR,GE,MINH! GO 10 27
+- 18_1. GAL-L I;_uLG 12 vMl _ ,3C+V(,TTGL •TH(TA ,CPTBLtPS 19G71BL )

IsS. C

186. + --1G I ( O _ P U ] ( ATT]]UOE thebES IN BOOST REFERENCE ¢OCR_- SySTE_ FOE+PlaINT
187. C EOCST C00RU ._YSTEI'I : X-NORT_

--.---toe. C Y-._A $1

189. C Z-BOWL LOCAL VERTICAL

.... 190* C
191, !PSI:.CINIPSI +hat +

192. - CPSIzgCsIPSI tRaf I

193. _.l Nl:_. IN I Tl_( 1A/; tO l
_0 _.1"._; G S t. T14(- T&-_ I_l 0-1-

¢.][NS: S |Ni $lO_ala IO )

COSS-'CCS|SIG_I/KIO l
_X :CO $1*ICPS |tC J *SFSI*Sa )

';Y:S| kl ..........
_Z-C0 c.1.1 SPS 1.Ci -CFS IeSa )

)_.-=_A.JICO,S,T_ILI-*S-_.I_,PS;liCOSS-$PS_r tS]NSJ _CAm I.%,T,.KJ-_J.%PS_._5-_CP-SI t__

*_.IhS)
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202.

203.
20_ •

2QS.

207.

200.
2[9.

21G.

211.

21.1.

Z15.
216.
217.

_Z :SA,ICOST* I -SI_ I¢(P$IsSIN$-SPStQCC$S ! *¢As tSt_ 1,1SPSI*$ IN$*CPST*
'COSSI

EO TO _60

27 ]FITEkOR.L(,,._OI.OReT.GT.T(NORI GO TO _6
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xZ :*¢CHIP,ISCI- Ig

_Z=SCI'IYt$CH|P'I.CCHlPeCCHIY'ICCHIR

26C COhT_ I_L(

(;(;H | Y_- SQR T | Y lsY x * ¥ YtY Y I-.- .......................................
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.(CHI¥:YZ

._¢)_ |N :*XZ/¢C). 1Y
CChIR:ZZICCH |Y

5Cq

SO_

-.--._L&,--- _--26- CO k LZ I__£ .........

219. 8C _WS:SCHIP*SW*CCI. IP*SU

220. VZ B:SC), |Y*vu e oC CJ.I _,SV
221. 'tyS--C(l- [P* Sv- SC I- ]P+SU

222. _XB:CChrReVYE*SCI.ZI;*,VZB
223. _Z8 :$CHIReV¥_-C C)-| R*qZB

_22q. .............. _yE:CCH I Y*Vl_E*S Ci. [ ?eSV

225. /LF:_:.
226. JLFY:(.

228. ILF:A 11N2 I VXE ,V Ye )

229; PLF¥ Jq;INI VZEt¥1_ I
23(1. $C C0hTIkl.(

-- Z 31 _ ..... (LDI=ILF ........

232. ¢LCiI:aLFY
.-::. :ac-_,_leste.ab_
238. ¢.8(T&:AESIGe6LFY I

:_35; ]FttTPA_GE,_INHzCRstFiCT.N(_2) GO TO
236. )FIKT]LT.N(.|.QG,_I'HR.GI[,,ZPQL¥1 GC TO

237, ..... CAt-t- IpUI GI2eM201'IE_,XM&(;H,A(RQOI|gl6Iv4LF,.tERGGIIv|3Ig_LFY_

238- el(ROD 11,151)
:._Q. CG k-G&;_QS-4 G'...P_-)

2_C. ._Ol.i)J_:$ZN I CLCa)

2_|, - COLOB:COS IOL(9)
2q2. .<OL00 :STN (CL CB I
2q$. - - - _.AtPzStNIILF I ........

2q_4.

------ff q-,J._

2q6.

2_4.

2q9r -
250.

------_ "., '..

252.
253,

25_,
255,

256.

2S1.,
251.

259,
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262,

26q,
Z65,

266.

268.

--_ 6-9 .-

270.

CALP'-COSI &LF )

_.8 (--YA': _t _ ( J k:r T ;

C8(T&:COS I JLF_r I
SZ hOB : $0k.084(8£ 11*COk0B,_56£ T,t .......

C0508 :COLOi,eCB(l_l* $OLOBeSO(TA
)X "CA LI:4C 0_{) J_5 aLP qSGf;DA,eCQSO8

)Y :*C JLPeSGL (:1'_ ._IL Pe¢OLOaeCOS08

)_j*4_P*S; NO e , ,
_X =-S/LPeCCL C,t* C )L Fe$0LO,t_,¢OSO8

_Y :SAEF4SQL0,t*_ I LP'ICQL-OAeC_SOS
IZ:CALFeS_kOE

;.X =*S CL0Jkm ST 1_08

2Y:-CCLOA'_St kOO

;_4;OSGO
1XIk:Y]Ie(CCI-[I_4CCF_F "_SCHtReSCHtYe_CI "ZP)eYYe (('Cp_YeSCN]P |eyz,I($C/-_R 4

-.¢CHtP-CCHtRaSCH I't* .¢CHtP 1
1Yk:Y)e('CCH ]Re_CHIP*SCN_ReSCHtYq_CCHTP leyyll ICCI-|YI)CCH_FI*YZe(

*'SCH[ G,_$CH IP-crF ]R 4SCH[YeCCH][P l
'IZN=Y ]lo I-5CH IReCCH |y I eyYeSCH][ YeYZ eCCH][ R4CC P |Y

-;ZN.Z)iI-SCH]R4_(CH|Yi+ZYf_SCH|YeZZs(CH_R'uCCP ]Y
(;CH |Y *SQ,_ T 4 Y ]fN_ 'f ,IN e't'YN_Y YN )
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_.CH IY :'tZN
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271.

272, C

273.

27_,.
--_?8,,

276,
277. C

278. C

279. C

2,eG. C

282, C
283. C

_8q. C
285. C

266, - C
28"/.

286, ........

289. C

291. C
- 292w E

293,

-29u.

295, C

297,

298.

299.

3GO.
301,

----38 _ o

303,
30_.-

3GS*
]06,

307°

309,
31G.-

311. C
-312,

313, C

31S° C

316.
317. C

.... ;18. -G
]lq. C

321.
- 322° C

323.

32e. C
325.

327.

328. C

]29. C
33C, ¢

]31. C
-----332. C

333,

33_,
335,

336.

337.
--_i_

339.

3aO. C

SC_ CONTIkbE

aLP:&LFmRAC

EEIA:JLFYt;A(

--SE_AG_;VE/_aII9)
_REYNC:SQRTI_EYhC)

CEFZN]IZON OF AE;0CYNAMIC C0[FFICTENIS

CAX: _XZAC rCRCE Cc(FrzczcNT.
C$_ _IDE FOKCE COEFFICIENT.

CNP:NCRMAL FCRCE CCEFFICZENT.

(HZ:P|ICHZNG MOeEN? COEFFICIENT
(M_stt-Ebb|N_-PG_EkT---C-OEFF]G]ENT
CH_:TJbING MCPEkl COEFFICTENT

¢

C

¢ ---

32G

C

C

]FIOReITR) GC TC 3(2

IF|ITt-R,GE.NGBa$£) GO TO _Ol .....

L Z.k E'& _ -4 N4 £4t 4_Gk-J-] ;-CN--r_O I_ 5 EA_G-- T HN G=, _ Ir_ kG-t G--,l_J_t._ iI.£-$JI-.,;,_F_.C-TT_ -

(N POkpRoOk EASE FCRCE*oBODST[R OkCY

CALL aPULG 12 ,_2e wSC,HGT tAEROB I It I t ] I I, FP(I TH1; tBKFTHR ( 1 o| ) i

CJ_k.--_x_l,,G4 ;L.,X-_ :-, l;,._6-T-_t E _OB-| _ _4 )-,-_ ABoR4¢,'_ r-_,' _ ; ". c • IJ,
e_REF,JEROBIi,S,; 1)

.CAPE 11'_ROTTLING EFFECT-BASE FORD(

IFII, P_FLG(ITI-RI .(0,1) TAU-'THROTIZ_I-RI

]FIPP.CFL01|TI-R) ,£O°3,ANO.,NOT,OFLG) TAL:THI_CTI'_HR)

CTi_RTL:I eO9- 1AU
EASTHI;: IFK2THR_'C 1141;TL*FK| THR)oDTHR TL* l ,O

CRBASI:ORBXTER eaS[ FORCE-aXIAL,DUE TO SSM£ TI_KCTTL]N6

_."-lt-_ _.-:.GF_B-3_ | I_-.._ A$ £.--.F4)R ¢.E - d.X,_-ak .eF ¢ &--_ -_e F_. J-r,-r_ L

CI_B AS T:FA8GREe6 a STFg

IOTAL AXIAL EaSE FCRCE*SSH( THROTTLING EFFECT
F&O:F aBoF A 8Ol:B* @1;8 liST ....

IOTAL NORMAL BASLE FORCE*SSPE THRO11L]NE EFFEC_
._N li_._k 8 ali_ S.T.F ©

10IAL pIT I_O_'EN1 BaSE FORC[-SS_(

FHo:Jr _,Oe8 ,_57 FR

...... _ (FFECToSA$[ FC;¢[

IF- LORE F-.,;. £.,,_ _ --,;,0.-3-,0---330

_l_S TXC-'O/ORCF

aX|Ak 6aS( FCRC[-Q CFFEC_
FAE.'FJOtQI:ATI0

kO_;t,_AL 8AS 1: FORCE-C EFFECT

FNB-"Fk_eQRAT |C
KI-_-M ¢_' (N T -g A $[_.-_-0 £(F._*G.- E F F[C]
FMB:FPBeQRJT ]0

TFROTILXNC (FFTCT

-

L|k(AI; INTERFOL/1]CN FOR ALPHA-BETa FACTOR ;o1= POkiER-Ok BASE
FORD( (FFECT

3]C IFII.LT,2,C) GO 10 3(;)
(ALL a_*ULGK2_HIltSD,HGTtAEROBI1,1 ,I)_FKALF ,EKFAeTIX,ll

_IFKb_[TIeB_F_B 111e;) )

_BFACI:IoO*F_*LF*ALP*_KBETAmBETAe_;

FA 8-"lr A_sABFA CT
FNE=F I_BeABFA C'[ ....

FHB:FPBoABFACT

G-15



3'q2, C

3a3, C

3qq, C
-- 3es, C

386.

.3_7.
3il8,

- 3qg, --

350,

.... 351,
352,
32.:.

35q,

3551

356.
- 3S71

358.

3C1

- 'G .....

C

C

- C -

¢

eELEVOk(le21!

CALL AIqULGI;! jNI],-*CBSENACH_EN&CN(II- _I_;_ZNE(tl[LEVONL I_3I,OOUTBO,

(;[LTA(I):ThBCARC I[LEYON OEFLEcTTON ($CHEOLLE 61
:: : T_-4 _-) set_-T EOIi.R-G--Ek-E.VGN- OEFkEG-T4.Gt,-4-S C-14EGAL": ." !

C[LTAI3I:INBCARC EL[YON 0EIrL[CT_ON 145C3R1 AEl_C OATA EASED

- £[LTA-I_I=0uTEOAI_E ELEVON 0EFLECT|BE I.JSCI_] AERC BETA EASE)

CZ hob :EEl[ lh*C IN _ (:
COU T6 [: :ELE QU 1-0 Ct. TBO

36C.

363,. C

--- 363. .... ,G
36al. C

_66, C
--- 367, ......

368.

- --369 • ........
3TO,

_$7 ;.
372,

- -3?3, - ,G
]7q,

-- 375, 'G
376. C

_4. C

378. C

]T_I, ,G
380. C

381. - C -

382, C
383. C

38a.
38S,

386,

387,

388.

39C.
391.

_92.

393.
39a.

396,

397,

399,

aGO,, ....

COl. C
- eO2. -- 6t

_03 • C
_m"--.. C

_.05. C

106, - -

•lOT.
eGO,, .....

qO9.

CALL CAERO t8 JERO ,X_ACH,ELP ,BETA,0 IEBG, cOUT EC)

..... 60 Te 81

....... ._[E,GNC- STAGE AEI;CO_NA_I`G-. C0EFFXGZEkTS

C&]_--C JG*GAAL Fe_IL F

CNP-CkG*¢NAL FeALF

04 Z--G PO*¢NAE Fe_,L F
CS :CY¢ +CTgl[T I_&L FT

"..'. -"-¢ _O.G*GN8 |-T A-* _lrF-'_'........
CM't:CL C*CLB[ T,te ALl r

IFIXNICH,LE.I_.CI EO TO 61

PYFER_.GN][C ¥15CCL$ ZNT[RACTZON EFFECTS

Rl[YkO * NEYNOLOS _UNBEI:!

XLAPCA- IqEAN F_EE PATH (PAGE
XKNL0 * _NUOSEN NUNg[I_ I JER(]

,GF * ¢CNT_NUUR FLOM
_F - Irl;l_E _OLECULAR IrLC_

_LAROA:20332.1_.3E*O_ePATI|21lPl14
)M EUO'., lqO'_e JLAP CA &VRo (P J_ li:lMO lee 0._

(0RE|TAR STAGE cNLY)

13,U.$, STO .AT_OS,
0ETa 8CC_ e,105)

1562)

CALL ._I:LI"NE( ]8,PIIoIC,XNACH,vAI[ROCI I,I_;IsVIERO,¥A(RO0t_AI[RCO,!,

CACIr'JCACIr_(_CACF*CCECF,II.pIoALP
¢NGF.'..J,GNGF4¢ECNGF*CCACF*ALPIeALp ........
CPICF=JCNCF* ( ECNC F_(C_ICFaALP )*ALP

CA/qf= JGAHF * ( ECAP. F • CCAMIredlLl= ) • ALP

CNPF=_CNHIr* ( ECNPIre CCNMIr •ALP |,ALP

(_MFF : JCHNF * I ECNNFeCCHMF •ALP |_ALP
_F(XKkUO,Lr,,_I! XNNU0=,OI

IF IXKkb0.G1. I;. I XpNUO:;G. - .

1(_P:£ ]NO 9,_t (q_ (_K AUG*.(_ | !/_aC !
(._ x" I C A_t r-CA CF ) " 1E PP"CACF

CNl:.r,.4..(.k.Mf---(N E Fq. _TE. _ I:._ _ N¢tr. _
ClqZ: ! CPI_F-C_CF ) * I(PP*C_CF
(Ch:g*CNP

(OhtzAUE .........

,IFIZTCt;I/T_';,_';,O) ,GO TO 3SQ ...............

CALL _I_ULGIZ ,R21_C,XI'!ACHgTONICHg0CAXgCELCA,OCNP_OELCNi
GAbk 4J_ULGi| ,,q23 ,2Ce;_MAC/4,1'QNACN,OCHZ,_:LCYtOtn.| ........
CAI:C)X*OC_X
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.-.-4|0.

m|E.

a17.

- _18,

q19.
_26,

_22 -
e23,

(N F_G-k;+OG hP

[MZ:CI'Z'OC#Z
(ILL SFLIN[! 1,14-_[,;S,14GT,D[L&L1,DFIA, DELFA0"DCFAA"v|'#31'AF'BF'CIr)

FAB:F ae+OFa0 1|1
- §5(--(OkT| kbE .............

C

C .',9_r-_,-T--EOEF-F t C ]EI_-Tz_--JAGEI-T--(--4; ,,--NGV--r-Oa;'E-G

1( PP= 1 ./XLFN
[XPR.- ( XCG-XREF ) +I(PP

r.YPR-- I¥CG-TR(F) (I[PP

ONCE-" (pZ-CKP t(_¥p I;+ CA ](IO)lP_
CNCG=CMX-CS*CYPg

-- _2_- ....

e2S,
- 126,- ......

m2T.
k_+

_29,

e31. C

-+ _32. -- C +
m_]. C

---------_+e.

q350
.++ e36.-

137.

_30,
e39.

aeO_

..... e@2.

1 ee3,

1 e_§,

1 lq7,
] ..... e_8.

1 eq9.
1 mSO.

) eSl.

.... _S_ .....
) qS3.

eSq.

, ;;i:
] .... aoST_

] mS0.

| .... _59r ..........

l 160,

e62,
; e63, ....
:* m6e. eCC

) ebS,

I 166. C
--l----..---q "..T. ':

) e6|. C

1 - eb+m el(
1 e70.

l .... 4+71, .......

I e72,

) _7_. C
] ..... 47S,-- G ....

| q76. C
I .... e7T, .... '_ I-;_

FAA=G JXeSO*F 16

FAN:CEPoSQ4F k0

_.l C(:($*S0 ..............
_MX:C_CGeSG* eL[ I_

_H2=C VCGeSGo )L£ k ,F W_ -F'N8 e0 YPR_XLlr N*F AO +DXP I; eXL El_

CF NEt, AEROD_NA_)C$, ........

1HAUS1 ANO NCM(EI {AbCULATIONS FOR ;+ULTIPL£ P_OPULS|0N SYS1(_S

1X-S=.g.

1Ylr:O,

1ZZ:O •
lX S:O •

1YS: 8 .

1ZS--Q •
);41;OX--" C,, .........

1.q Z'-O •

CO SOC NSY:1 ,7
k:KSY

]F'IOREITn.a_C.N.EQ.I) GO TO Silo

]F lORE | TR ,,lNC *H .E(: ,7 ) N:I
IFIBOCST.Akn.ITI, I;.I.T,|CONSk,AN0oN.;_o2) GO TO 5CD ...........

IF 160CST.AhO.ITFI;.LT,|CON$1_.ANO-N-E0,7 ) N:;
IF I_OCST.IhO,11TFI;,CE.ICONSk.ANC,N,((:,I) GO 10 r.C(:
IF IBOCST.Ak0,|TMI;,_E.ICONSk.AN0.N.(¢.7) N-" l

(VAR(k*7):_..

CUT;$F INI:C.

CUTIH INI:_.
(uTTV¢_I: n.

(UlkdO Ik I:C.

IVL IN l :O.

1LL IN 1:0o
]F'ITNEIN,_|1_KI.LIo,,or, I) GO TO SO0

• x/n'( .......
(0 _0( 1:1,1!
]F-tN_YST f-1 I rEE-T"E-'I--¢"I)-- TG"-_OO

IF le#l&.[O.O I MV|N:I
F_II:I ---

COl,., t t _(

SO 10 Iml(]_e;(_et't.(}eeqO_al._OJ+brl)gN

- W-i.--S-'_ S.-TE _

i.p $ :l, llr §FLG t _ TIeR ) - ._

1AUI'II_ : 06S
]F(ORe|TRI 6C T_-ltl .............

CALL JVULOll ,MSC_S +ALTsTAUALT+TIUm|N,TIUTOL,o_C )

kOReA L OPERa 1|0k$

1A b:TFROT I ITt.R I - -
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! _78. IFIGFLGI QFLG:.FIIL._[.
-- j.--.--------m._ _. '1"11] IHRVAg;T&UAE-kGGII-I T-.(,_.44N]_N.-I*PIN-

) l@l;. (0 t0 q17
l mill. ¢

1 mSl. C ll6Lr CF THRCTTLE tl TIME

l - _e3, G

| _8_. q|q (ALL iieULGII oMS Io|.tvT*TX/AMPStTAu,tFTsL,(1O)
_-._ _ll§. iF- t-_-& k Tk T r_ &bJA_ )---I_LU=.-T SUM JN

l oo06. _0 10 _|3
l 167. G
1 nl88. C _HIX 1NROTIL (
1 _49. ¢

1 _9Q. _|e )FleNCT.QFLGI GO TC q12
: _? : _ IF t TAA..k T. | • kM.| k-)-- 1i u_-T SUN XN

l q92. )FiTAL.G(.IHRCTIIT_R)) S0 TO q12

] • _93. _O TO q|]
l q9q. C
1 rags, C G kjl¢ll THROTTLE
l _gGo C

! _94. _ 16-- jlr _ ._ 1 .Gk I;4111 ;G--TO. q 1-,_
l a;ga. EM:IM_GLIMIZ 1HR ) 4G2(RQ

| qq9. IAII,:GP/((NGOIIT! E vMPtN )ALTN( I 1 t ITHR 14P1N )
! SOO,, IF t TAL,LT,;AI.MIk I IAU:TAU;AIN

l SOl, £0 TO '4i$

l S02. ql? )|SP:_aRXSP(laU,1)

--J--§GJv,--'-----q-i 6-t, OG|; TbRVJIG 1 IGZ[;OqX|$P I eTk(|fl, ITI_; l .........
1 5oq.
J SOS.

1 SO6.
l SOT.

1 S08.

; 51(3.
1 S|1.

. ; ::;.

l 513.
1 --- ' SJq_

1 S15.

! - .. 51a_
l 517.

1 519.
l - -- 520,

l 521.
1 .... 522,

l _!23.

l 52S.

1 S2b.
! 527. "

I 520.
! $29.

. ! ;_n,

! 531,

l -- S3g,
l $33,

l • S3_,,- -

| 53S.
-! ._3k. . C

elS CUIISFINI:XIC.P
CU Tl, O (k I:vO0 T

1HRUS t = THRVA C -I[ I_GO AT 18 ,/"IM _ N ! OP I14
|F ¢ rHt;UST ,i.T ,_e ! _"FRUS T "(].

CUTTHIkI=TkRLST•INE(N,[TF_)
-CU_TV CN l= TI,,R _ ice TN £ ( _. _ Tlaa )

)_COT :X_OO I* t, OO 1
(VJR(_,_II:-WCOT

]F-4eRE.| TR, _1_ ¢l-ri-I--Gg- T-G--q-tlO ....
|FtBOCST.Am, O'.N.(C._.ANOoZTkR.LT.ZCCNSM! _0' TO _0
IFI6OCSTeAkO,Nu[C,,J,ANOeITk_.G(,]CCNSI_) GO IO _4#0

£O 1'0 eTO

0
C !Re S_ST(_

C __

q_C CALL I_ULS|2,1*S_Ev;SC,TtSRMTTllvTNRVdc,$RMfrIPekICOTtSRfoilCT)
;ISP:C, ........
|F IiiOC'l ._)T .,l_. ; X.ISP:1HRVIIC,,MOOT

- 1HNyAC :THRvA(_ Ik .................
._RM()I I'=$RMAt[ I I | * $RP4(12 |_ Y
|MiOA-/¢Jl-r_ X 3 k _-$£M F-X-_ _ -

kOCT:bCOTe|N_I2,_TFR)ePTKG

_0 TO _19
¢

C k8_ S_$TEM -- -

C

)lSP:C.

]F" IVOCI,GT,O, ) ) |SF:THRVAC/UOOT

1HNvAC :THRVACAPlb
kOGT:bGOT aTNE I 3 • IT I-O )ePTKG ........
£0 TO q]9

l 537. C

1 .... S$8,- (;
! S39. qiC
1 - - SiG.-

l 511.

] 5_3. C

l Sal_. ¢ .

l SqS* C

CNS S_ST(_

1HKVAC:FOMSI |THF I,eFTk

)|$P=IHRVAC/ CtiOCPSI|THRle_Z(ROePTKG) ....

bOOT: lkOOMSI ]THA)elN(Iq,ITHR)'tMrIOUPP!ZlHR) )iPTK_
_.G--T Q.--.*_ 9

1HRVA(:F;ICSI ]THI; )eFTN ._
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l S_7.
- ;-_- $a-8 L

1 S_9o

] SSC° GO TO _19

J SSI. C
J $52. C FUTURE SYST[_

1 553. C

- i--.----_---4S u,-,,-----------_kr.-- GO .-T G-- 5 OO-._--
] 555. C

I - 5S6. C
5S7. C

] S58. _9C
1 5S9,

5L_G.,

; 561,,
562.

S63,

; S6a.

; SbS.
;-- _$66. ...........

; 567.
; S68.

_ ; . r_.-: •
; $7C,

--- ST]. - --
S72.

; ....... $73, - - -

; STq.

; $76,
; -- 577, .......
; STB.

- -- S79* _75

] 580.

] 582. C
! $83, - C

! Sac. eSC

J - SeS* ........
1 586.

_1 --'-_--'_ 11-1•
l 588.

) - $09,

! S9G.
] -" - S91e .......

] 592.

] sgq4,
1-- - S9S, ......

1 $96,

! - $97, ....

) 598.

1 600.
1 601.
1 602.

J .... 603. ....

] 6Ore.
• L_t

1 606,

1 6Q7_
1 608,

] - -- 6G9,
] 61C,

1 612.
l 613.

I 6|q. SC[
61S0

)I SP-[.

IF" I wG_C_ |._ !'WJRJ ._I, %°4Ql:].ll_X ZSP-THRV JIC/LW (;RC:$.L.1IHRjtG2_O 4p IK G! ....
kOOT=kCRCSIIIMR )_TNE!S,ITMRIsPTKG

kOh-GI_BALLE[ TbFu_T ANO _]TCH MOV_NT (OMPCkENI$

A(hG,/'W JX.X_ IN* !
]I_tIN1!TN[ ¢N,]T_.G),,.J).N[.N[NG)

&O-_7_ I'MMIr,,/4P.JX .........

I&hP: lJNI(NGIJT (al t ])/RAO)

1AkY:IAN ((hG[AT (.¢,))/RAO)
I(_P: TkRUST/SQR T I1 .*TANPOTANP*TAINYeTANYI
1X=*T[pPwT4NF

lY:TEY, P

lZ" T[ I,T:eTAkY

1CLINI:TCL(N)4T
1VL |N )-'TVI. IN)4TX

1MZ:-IYe(XCG*(NECA I(._tZ) |"TXefYCG-[WGD/T(1 ,ll I¢TMZ

]FI.NCT.gFLG.GR._.t,_.|) GO TO *'71

IXS:TX$*TX
1Y$:T 'fS*TY .......

IZ$=TIS*TZ

£ = S T-I-_-_ ......
IXZ=T)x*TX
IYY:T YY-.TY - -

1ZZ:T22*TZ
COkT|kbE _ 1

EO TO ._OO

HHIX"IhT ITkEIN, ITMR)** 2;'*W_'IN-I

FOPCN1 9ALINCE ((UITIONS

]FIOU11HIN).LT,lC_(Oe.OR.NTI_G?.GT.C; GC 10 q7C

IHRU5 I:OUTTH IN| ........
rX:XGFJ-XCG

CZ : a*B_ (ZGPA I

CY]:I.#OY

CZI:I ./OZ
CXDY-'C]toOY I ......

tOxD1r ;:I**OX [IroC)O _

c.I NRHC-OXOYe (OSRl*O

IAkOY :- (&_X- AP_'_;CICY JeO¥I / ITHRUST oUDXO_r2 !

Tit f_p= ( dMX eOX_Y,* dlP¥ )mOZI #THRUST - -

I(pPI:-TM2eD*_I/TFNLST
_ i NGILt_.-t TE NP-i- T-£ I._-I_q; GSl_ O

1AkDP_:ITEPP]eT[PP leCOSRHO
102:TFKUSTI2,

, T( MP2 :TANOY_ TANC I
IYI-_TC_tS_RT(I,',TAkOP|elr_N(_P|*T(_P_!

1Y_:TC2/SQKTI|,_TJl;OP2eTaNCP2eT[MP_)
".X_.7--..I, Y24 T,iN(-1:3.

1X I:T)2-TIr lelJN(_rl
TY I:T ? l*T1r;_

1XX:TI_ leCOSRl*O* 111eSINRHO*TXX

1Y _r:* IXI$SIN_I_Q ¢ IT I"¢GSR/4Q4 TY ¥
IZZ:T Y ]eYaNO?4*I Z2

lGt:t N-; "--1] Je $]NRI, G ,*T ¥ i8¢ OSRMO .....

1VLIN):TX|4(:CSRI_¢_ IYl$S].NRHO
1LL (N) :TY ) eT _NO't

(OkTI_L[
1M_F& -"TYY-F A
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616.

6Z8.

619.

62C.

621.
622. C

,6;I 3.. _G_
6g_. C

62S.
521,.

627,
" 6Z8.

629.
63G. .....

6.31. C

633,

- 63q*

635.

636,,- ......
.6.17,

--_-&_i II ..
639. Z3

1 -- 6 _ O. ....

641.
-- 6_, ........

6q3,

6_S.

- 6_6, 68. _
6qT*

• -- 6q'8,,--
6_9.

6S1.

--- 6S:t ..
653.

.... 66q*- ......

6S5.

6S7.

-- 65|. -.
659.

660°-
661.

66.1.

66q,
66S.

666.

667°

_6(re -
669.

67a,
671,

672,
673.

_k.7 II 8
67S.

-- 676,
677,

678.

679,

.... laG.

681°
682.

FAhC:IXX.F&N

FI.A lC : TZZ*S|I:( ..........

FOM:SCAT{ THHFI" lb_aFA*FINC*FiNC*_LIIC*FLATC I IXPI_;'[RO
IX xx: TXX

IYYT:|YY

(Vital _/ I".XHO C'T

(ALPH ll:CO $ |ALF )

C9(T&:¢05 !At.F? )
.ce( 16 -"SIN I AL FY )

(RAG= FIAtC JL Fldll 4 fike$ ALPHa
LIFT=-F A6,oSa LPH J .*F JIN4C&Lplkl J-

FZ--1'-7,4. _1; t 0 (

FU:SCI-IHIFANC*Ct'_IAoFZ

FY'-SGI- tT,IFW*(CH | le lHtllr A

FU:CC F IROF AN¢*S C)' | _af Z

Fll :¢g I. |p,l, lr U..(OH | FOf y -.
FY : -SCHZPoFU 4CCI- |P IIFy

F._. _;.,; t,i.][y e (rM-4_44-4, y-4..T.14/4F.k-

[VAR(II'IrX/XP*G)
EVAA ( ; )=F'f &X P'*G Y ....

CVAR( ._I:FZ/X_*G Z

]FINT;GT,LT,[) GC 10 603

r.V AA ! lJ:O.

CVARI !):Q.

COhy/l_U£
r.vaA I _ ):w

...... (V,L_( ¢.):U
(;VAR ! 6 I"V

: : F 4 ;_r_ ,k £.-,r t J--_.G G---_--J 6---.--

_HAG=-CCFITI _*k*UIL*VoV)
tOGTG:IMeGNa'LtGTaVeGZ)t¥1_AG - .

C/,LP11,: IMoCCH |P-L'iS (HIP!'eCCHTRIVMAG
CA L93 :beScH,( F-_,U_)¢¢I. I P .........

CALP2 : !CALP3 eCC)- | Y '_VeSCN| Y !/VNAG
C_ :.9 _._"_V _¢G;4 |¥--G Jtr$.3e $GIa| Y |"CCH|R J _MAG

15:OU11HII)*CUTIFI ;) "OuTT_(])_OUTTF(qI*QUT_F($!*QUTTk(6)
--. 1V :SQI;T IT X XX • TX ) ]_*. Iyyye Tyyy*TZT*T Z _ ) "1-

OVAR(IqI:xK|_(XK,;aGH(_Iee. SefvR/xKalee]._Te(|,,,-XI_S/fXK6ePdT (12,|*((
...... 'i bg/XK._ Ise2 l/)lq 7 I I

CHmS$: l.tXl_

C¥'A_'_S )'_ON_J_$ alltG_J 113'VI l"lJ* 0 UT T-V ! 2 )'* GUTT Y.L3-L t C.U.T--I.V-I-alL*OU T--T-vLS3-*--_--

• (UTTV l 6l )
[YdAI It):O¥_lG!l c 1-15_)014i$$

trial lTl: ITS*lVleOVli$$
]FINFO.L(.|7! ;_C 1¢ 16

CVAnllBl=*_oC'rG

,rrVAR 14 5._-" I *T :IX,X '!CA kp.,_ -T Y Y Yo¢A& P;_* l Z :_,_CAt.P 3 ,_IV ! x_/*.A 53- ............
(.VARI_CIgIFAI_eCjLP|*FAAeCALP2-STOEaCALPXleCV&SS

Crag( ;1)=9_

IF IQeGT.QHAX'iPSFlldl I OVARI2II:QePSFFM-QI*AX
_,vAR 4 ;2 ):MODL;_P ( ZT_R !
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1, ._UEIqOI. TINE il:EA ]k
2. CO_O_/]tJSE/]USE'

3o CO_e*OEtLLFLAEtLLFL JG

q. CALL FJGII

• 5. JU SEt-(

E, 1 CALL ECUTI" SELEC1 FROM THE FOLLOETNG MENL:',2?I

7, (ALL _GUTI" 0 " TEI;'MZNATE*jIS)
8. CALL ECuTi ° 1 " [)ECuT[,,I])

9. CALL EGUTf '_ ,_ - SEL_'CT/D]SPL-AY/EC]T/SAVE ]&PU';,°t38)

10. CALL ECUTI' ._ " _1;I1( FILE FOR P_.CTS AND 1JBL(_.',._'/)

--_'J1 _rAIrE---_GuT IJ--41-----I:LE|NTOU-T #ENU ' r_-_ )

12. CALL EOATAll I.ILE(,S|)

1.3= ]FtIUSE,LT_o _on_ ]USEJGT,bIGO TO J

)e4. ]USE: ILSE,I

1§i EO TO I J[}, _,i; |,;,_ J .! i Jet ) ; IUSE
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lB, ITCF

19_, - C ................ EXECUTE ...............................
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22. C ............................. O;$PLAYIE_]T ;EPUT ....... . ............
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27, (0 11; 1
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-- 31. ENG
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Z8.

300
31,

32,
)3,

3q.

360
37.
30.

39.
qG.

---_-| r

q|*
q_.

qG,
- _ .It 7.e.----
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*kTAG|._,TV|J•It|NG _NKO(At(U,_LtAYL,HPXtNPNtHk_
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69.
7C_
71.

72,
7).

7S.
76_

77.
71.
79.

81.
82.

6u._

] I;5.

1 07.
1 88,

89.
9G.

C0_MO_,JXTRs/)_(;(]S),CF;'IIS).Jr!tSItCISPtlS)
rIMEN,¢]ON ANE_Z/

Ce,l, ee= 1HIS ROUT|N( 1A#£$ SPECZAL FOR_.T cC_ROk_,I,"ee

JF(JTFRANE,,./L_'P'J) CALL AP_TNII)
1C .T: ZT_l;

]F I.JT.E0.Ji;14F-I )1:12ER0
|TkR:]1HRAJ

]FIITFRo(Q.I) GC 1C 11
]F I TN| 13v 17Hf; I o £ lw C.,. aN{). TkE I ] 9 _ll'l;-I ) .ET. ) .E-C.t | ][PPl :I]

]FITNEI3,1THI;).L1. ).[-OS.ANO.TN(I_,ITHA-1) .ET.(,) IPRT:12

L:]

|F ( ITI-R.b'r,T CON$ k ; t.:2
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(0 2G_ I=1,1!
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lF"*t ;4NJ k.(;i .GA--_ ;_1N = ;-_

pMAX:I
2Gq (0kT1[kL(
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ePN|N-|

91.
IjL_1,

93.
9q.

1 9S.

! 96.
) 97.

.... 98.
9q.

100.
101.

I(12.
1U3o

.... -_O_o -

] lOS.
] 106.

107.

IOe,
I09.

JIG.-- --

111.

112.

IJq.
) - _ l|S,

I 116.

.... 117.
118.
1191- ,,

lZC.
-- 121,

122.
123,
12q,

IgS.

126.
.... 127. -

128,
.... 129_

1 :Tt,.

- - 1.t3.
1 13q.
2 .... 135_, •

136.
117.

,IG,° J : £.
'_GPa:G.- ............

;G l:,t : C.

C0 20( l:l'_'l_tM_iX
)GPA:)GPAA(NEDAT 13e,Z)
';GFA:IEPA')(NE(;AT (1 ol I

2C/_ _GPA:2GPA*AB $ t[ k_DAT I 2, _ ) )
aG_A:SGPA/TNE IE, 1T Fn I .....................
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I_TEGI?:-I

1FIt'.P!FLGIITk_I.A(o2) GO TO 210
;_TRG I -_:1

(0 2g_ l:1,1! ................

IF(TI_'_'PSIII.GT.1) G C To 2C9
21"_ COkTTkL(
2{:_ ]T)'gO : 1

lV I3=TIMMP$i I_NG_I
21C C0_T II_t(

.... |FIITF_ .(_. 18| GC TO 78(_
IIP((I.ITHRI :T

I_P(( |,_'T_* l 1: I.eT,IUT(ZTI_a !
]F-t_-t IrT • E"C7_ f--e C--.-_e.---_B.t-
CO 20( I:I,NbVN1
,.:kOW( II ) - -

2CC 1It P.[ i ; .] )-- T)' P£ I I ,,./)* IAU¥ I | )

1V 12:1I_E I _ |VO * tl - -
2C1 )F(ZTFG.EQ,I! GC lC 78S

IPCLY=I
¢PI=KFII1) ....

IF" IKOE IKP 1_ 1 _ I. EC. C. ANO.KOBIKPI')I q ) .rQ .1) CFTBL IKP1*2 I "-A TA N_ I,_CHIP

• ,CCh|I: 1"_C.
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•tGCHI'I)"RAG
I_Y:XY1(2)

...... _,# i=XF 1-2 ....
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CA.k.ir.-lr-._ Nig-4Gp 4eL-- ¢KJL.14_ SiLr.T Tg L-4-KP 4J-rKP- I
CALL F|NOICYTBL (KYII,_,EY_TTELIK'rI,,1.ItKYI
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.Ills ,llY j I Z a_r;):Ayl I)
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IF' ;.PJ P ¢.-. G 1 _N r,G.Vk-1 L.,_,.t N_. l-THg-.£O ,.;I,_tP ) -..,GO -1_-_ "_g
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138. IF IL$;GEt [THI;)..%(.LSTG[! ZTI_R-I ) I
|3q. _0 TO 186
IqCe 79T$ (OP, TI kL[

1_1. IPAT=q
1q2o JF ¢ ITI-R.[9 .,JLMP ) ZFRT:3

_ | _r.-&--;F ¢L.$8 .£C;o ;4 GO-- I r._TILS

I lq§.

lq;.

lalg

ISC.
ISl.
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151.

15S.

156.
JS7o
158,

1S9°
160.

J.6_:
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163.

16q*
1kS.
166,
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168.
169o

-...--.._ _.
171.

- 172.

17_.
...... 17_,

175.

--------------_? IL.
177.

-- ITSv
179.

- - ISO.

181.
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182.
ISq.
InS.

186_
187.

---- tee.
189.
lqG,

191.
192.-

19.1o
--i 19_-.

1 195.

-- 19&.-

1 197.
198.
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_Og.
Z01.
202.
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2Oq,
l 205.
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--- ?0_
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IBGV;4 }4 = t-TO (-V._ _4 r4v.q.-'#@4-*P 7_(G
1XCG[ I):&IXCEI]I,L$1G}
TYCG! I I:A 7'rC;; I Z ,L _: ?G}
(OkTZkI.[
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]FINMIX.N(,Q.CR..UPP,N(.I| GO TO 788
|Ir-T_,kG,,-_._:(.%/1._-4 i ;-.Akg.._t ,*k(-vNVN3' L-GO-TO--7

LST "I
IF i._i .(_.NvN 1) t. ST :2
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| 20;, _.L 0AO ! 1) :CVALU( ! 1 )

) 208, r.T 1_( ! ! ):1

J 209, N-'I*e

I 21(:, ._AvE!,,2, II:¢1Z_EiX!

) 211. .(AvE (.,3, I ):(L0J(I_)
- - 4--_-----_ | 2 ,--, ..... _;L QAD-4_. ; "OVa LU( I]; ....

J 213, 8C CT ]M[ (;(I-T

Zlq, 781 CON TI f.L.(

215, ]F IZT).l; ,(_;, 16) GC 10 u0

216, kTRG2:;

217. 1V2:T.laUT (llMR)

..... 218 ...... I_T RG?-" -2

219. ]FiMPC. FLG(IT).R) ,_[Q,q) NTRG9:2

Z20. _N_:$ 7(P( Z 1HI;

Z21, ).MX:P_)NT ! ITI-R I

222. lV | :k |kT ¢ T4 I .[-( ._ ) *PR]N T ! TINR )
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_----------_Z ?. ! O--EO k-T-3-... _(

226, 39 kMPS: !

--229, 1HR=T)-RQTIITI-R)•INEf I.|THR)m(NGOATIGtN_'PS)*PTk

230. bO01:IMRI!GZ[ROoV&;;_SPITI4ROT!IT_iR) iT)) .

23|. 1V$:T.¢xMZaO,:XMILG-TI_R/ IGTEAO,JGLI;rIJTI_;;I II /bDC1

232. ]FITV_.GT.I.aND.lV$,,L1.TV2! GO TO I!

:_. lv 9 =G-.

23ii. kTRGg:-2

235, EO 1'0 qO ......

236. aZ IGL Zlq: TV9

237, _t[ {Oh T][_L( ........

238. 1F¢|T_-I;.N(.;$TA_I II).ANO.|THR.N(.ISTJflT I;l) EC TO 301

2_0, .:2

- 2it|, |Irt|TFK,E0,,|$TARI I])) -;:|

2_2. (0 ._0( I=1,2!

1 2a) 3_ - - 3E[ START_4Ied):VaRII!

2_;q, £TARTk(T,J_:C,

."_ "... "-T _R-T-q4._b.v_ ) ;;

2_6, _.T aRT ¥ [ _7, ._ ) :Xlq I JO *X_aU6. U,_(T IJT )

2_ 7, _T _nT_, i26 _1 :CH |F

2q8. ¢.TART V 129,,_) :CH| I

.... 2_9,. .... £T*tRT%I3Oe,;J:¢LCb -

25_* 3_J COb T _[kiwi

2S 1. )F-4 NM & ;_ *E 0.0-_SN _r.J-Tr_ O. _O Jl,$ T t,tNO ,N(;O A $ _. N r_-e_)-_---GG--T 0--;-4 i

252, ]F(.JT,(G,NVNI! EC tO 9

-- 2S_,- ---¢

2Sq, C_ee ¢H(CK FOR FZI:$T POINT
- 255. -- ]FI4UPP.GT.NCEVkIEI).ANO.ITHRerQ..It.MP) GO TO |Sq

2She | ]F (JT ,rQ,JUHF-| li;( 1URN

_S'_ : iF'- L_l-_ R ,,_ GoN END C-1 I-XC-Y TAB) )--KEY t AS "-XC33 JBt

258. )F iLS 1G[ I _ THI: I.EC. |.OR.LSTG[ ( _THR ) .L[.LSTG[ (Z 11"1:- | ) ) G0 XC

2sg, [9q (OkT|kb(

26_* ]F'{_JU_'F.GT.NC[Vk|I|P.AND.JSTA_T,NE.01 GO TC 99
261. kOGRB*XMIAO* ]lMibG

262, ]F ILS_,N£. ]l k2[RST:UQQR_
.2 L: - _ Ck G;d_bGORII.

26q. 9q COflT; kt_(

26S, £0 2 1:1,7

l 266, 2 CVaRS(1):OVAI;(z )

267. C0 99; K:|,ll

| 26tl, |lrlh¥1_STlK/._(...1) GC TO 999

__b-q. ]F t_IT_,GT. NO F- _WT I |)-_--.]PRT-2_

] 27_. )F ¢,JUP@.(O .l .aNC .J1.GT.NO[VNT _ I ) ) )PRT:21
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:R-.Tb rrl ;|R TES -
P.'NO(_kTI ] )* 1
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• P|ltH_PI:SFLGI IS) _.kS?ST¢IS),ICONSlI,I'ItTLSsZPQLI_K|_OO_KR0(RO_S_ON•
• IN TFLE ,_IROLL ,_CC JS 1, IFACT,hQTAS[ _LSTG( I151 ,PSNCI'¢ 151

COP_Ok l@aK f./b |,,5 5 IIC,1O),YL(7,10I

(Ol_HOk _gG(k3 o_iO._ $ •.T_ ,N(NT ,NACT ,NQI_ 1 ,NF ( _ )
COHHQk/BLAI_O/YLET¢ |5,1QItYLSW(IS,IC)tSAPH[ ()01,PRO0(2• 101

- - COIANOA_gOOY/18Ok|¢ 15•21,TXCG¢IS_21 _TYCGi15t;) •XL(Nt_)91N(F¢2)•
_IRF. FI ; IoXP (2 1,1(112 I•AP( IO,2JoaY( 1C,21

CO I_I*0 k/.CON 51' Ill& _p | 9R _-.9F _ At 9C_,H4 (_ _C_qL_,Q _F.GJL, AL.Lt._AL.I __,P-_L,
_l(Z(gO ,FTN tFTRG9 F ._F TN _PFN _PFKG ,P_FFP

COPlAQAICONTRC/TT0t. |3DI •CPTBL 1 ]Ol _C1TSL IZQI ,TOSL 1911,CP(_TEL 1911 •
• Cl'O TSL 19L)

CO_,_Ok/00(LXoCO(LX 11C)
CO_MOA/O(LPA_;/SF_;AC(_ ,SYRAC_
;OV_Qk_O[L X/C_k_L17 |...............

(014MOk/F_4X.1I/FIeX 7 _e,H._V,J_G • SPOJ

CON_Ok,_FOR,_N T,_HE iNN ¢2 ) • T _ TT t V JR f 2 S ) •OVJRI25),FSAV(
4 IO151 ,NTRGJ, 1¥1 _kTRG2 eTV2,NTRG3,TY._,NTRG_, IV_ ,& ?_GStT¥S•hTRG6, TV6,
ehTRG7 _ |¥T ,_T _G8 •]V|_kTgG$, Tvq•NTR6 ]G, T_LO• k 1RG 1 ZtTYI| tkTNG 12_T_12 ,
• kTRG12,TV|_•XINC oK GO(R 9[U ,_L t AYL t HMXtH PN tH _ I'

COPtlAOk A _Pg _ Z Fli 9 kPN )z9 _k AS.T ,KOT I 1$ ) ,PRKil ,,_N T C1 ..................

CO_40 k ILSM/T ]Pq_. Pp 1 ._0 ) • THRLP_ I _Q ) _ I_C TLBI e q 30 ) ,PLe_'t 2 ), _LB_" 1,/'L 8_* _,

• /t. Olq¢;itBL614¢2) ,(LEM(2)tVLB_121
COPPIQklPPS/T _fl F.'r I 1_ 1, FTEL 1|5 ), THRCT I 1 E) ,13 L |M ( | ._1, TAUALT I S ), r JUTBL

L q5 ! ,MIc$1e,'PS_,TG LZ P,GLZ_T

COPt_OklOHSRC _./F CxS I15 )•FRCs 115 ) ,rOCkS 115 ), b(:RC$ f15 ) ,dOCUPP 115 )

qO.
q9.

SC.
5z.
$2.

- $3. ....

S_4.
S$. C
$6.
$7.
54,_
S9, C

60,_ C
hi. C
62.

"3.
6e_J
65.

66,
67.
@0.

b�.

ICC

101

CONMQk _NAt. TV/Nd, L IW
COPffQf_.,RCST/,.STr:,NCNRS¢AI,t, TCN,TR(_ItL_.B,I_F_.et. CPAR,_ZBt(151
CONM_k / TkULZ P/T ALL 114,NT aU •NR(T&, T IPTAU

CO_*_O_sXTRA/)_'0 (|6 I,CTR !|59,F¢159 ,CZSP (ISJ
COP_4Qk/yLI/YLZN117 ,IGI,PHIT[(IO) ,P$|RECiIQ !,KCgPHI(IC!,PSTR( 101
_.J14 CT3H(J.I/,CIkL/.I/,OO(yA/._/

CAIA (EL_Z/ICQ.i_DAa/.125/

L5_:1 ....
]F(NALIV,CQ.])GC TC 95
f,PEh$ : ¢,PEN

E(T ba_90a BEIA IS FOR LZTSOFF V(;SHT

]r--+_o_! 16-I-; E-_'rO ) Eg--_J---_

]IrI,_UPF.£Q.I )GO 10 101
(0 lOC Z:I,NCS$
)Lal_O q 16,1 ):'rL I '7 ,r I

£O r•
COktZ_.(

(ALL /FORUh
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7C.
71.

1 72.
73.

--! " 7q-T
! 75.

; 7b*
??.
78_ C

79. C
8E-.------_ -
81.

] 82,
Z 83.

J 85,

; 87.
1 88,
2 89,,
; 90,

2 91,

2r

kZERO:kZERG-EELbi
CO 101 ]:1,7

COELX{II:IDELXi] I-V&R (|))/I-DELMZ)
r0 20 1"1,N0_.$

I_c ee.e-i lbrt IH_
CO 20 .:1.7

)LJ_ flbo_')=YLA_'e| 16v;)*ODELXIdIeVL Id,|)

]F IMA]fQ.N£ .0 I xLIMelIAoMJI_I:IQP(N*OPEf_S)/[ELII2

EET L/PBOa DEIA$ 1_-21 FOR CPTBL

a [0 7S ,:I.T
)FIIIOEIH*I71.EG.£) GO TO ?c

CPTBL (K*I) :CrTBL (K4| I*SPRAOB
(ALL aFORUk

(PIBL IX*I):CKTBL IN *! )*SPI_ACB
l:O--I g .t. ] : 1,, ? ----

IC5 COIrLX II):II_[LX! ] I-q_ARII | I/I-5PRIIOB )
[0 ; i:1_N055

)LAMB 114"17,1 I:O.
CO 7 ,.=1,7

)LaMBII_*I?.II:XLJI4EII_*I'/.II*00[LXI.)e.fLI.J. 11
.I_r-(M&-_G.N_ .Q _- X.L.-,tM| I.X.* ;-7_/'q dzO |=IQPIN-QP(N._C.J_

] 93. C
] 9q. C
l 9S. C

l 9t. 7! (01_ 1I _l.£

97. CO 76 _:1.;
} ?_. 11t-IMOEIK4-2qI.[G.C)-GO TO 76,-

1 99. CYTBL IK*I):C?1BL Ill*I)*SYRAOB
1 lOG. CALL lilt ORU k

1 101, (Y TBL Ix*l J :C _TBL IX *1 I-SYl_aOe

l 102. C0 lOB I:1.7
; 103, IC8 CDEL_ I11: IC[LX I ] )-VJR I; ) )/I°$YBADB )

--.1---1,©!._ CO-- 11- l:l _k055 ...............
; 105. _L J_e (K*2,.I):O.

; 106. C0 11 .:lvT
2 1O?o II )l. Jl_B (l_*2e.;)-'X LiME I K*2_I _ I I*0C[LX I _ )*'t L I_J_ _ !
1 108, ]FIMIi)GeN[.O ) XL_MEIK*2qeMAXG)=IQPEN-QP[N$ I/$YRAO8

1 IQB, 76 COb 11 kt.;E
----l--1t0.- --(; --

] 111, C E['t L_PBDA BETA 17 FOR AZ_PUTI"
1 112. C

; ; _. ]F-l-_O_-t-_ t-;E e_r O-'l--e_--T-O-_-
llq. kALTN:I

..... 11SW J&:JA'eBA&tRA[ - -
116. EO 12 1:1.10

1 - - t17. -i; £OELXIII-'PI_|IEII) ....
118. ;rTUR_

-.Ft-9. 9 _" GO--&.,l--Z-:4. ,-_0 !; 5

] 12C. 1-1 ;kJ_B¢17,I 1: ¢[_DELX II)-PHITEII I )tl-CAAI
121, ]F I_4AI_G,NE,O ) XL )ME I 17,MAxG ):10PEk*OPEkS ;I E JA --

122. rO lq I.I,IC
l 123. 1_ I:HI'1[ (I I:ODELxl ] ! - +

12q_ Ji :Ai*OA& IRA I"

;2:. kA k-T_k,_,.
12_. C

-127.,- C EEl L_I'BO _, BETAS 25-31 FO_ THROTTLE cOkTROL
12O, C

-- - 129. 15- E0kT|kbE .....
130. ]FINTAU.E0.0] GC TC 1S3

134. r e---t-?-._ _ !_-_
] 132. IFIKDEIK*28),EG,[| GO TO 172

1- 133.. ]FIII.EG.I) T]MI.t¢sIkTAuI=T;IqlqPS(NTAI_)eO1_HE
1 13q- IF II(*EC*2 ) ? ]_? JL:I_MTAUoOTIHE
1 - 13Sr - - tFIK.EO.3! FTBLIkTAU*II=FTOLINTIU*I)*OTAU/ICO.
1 136, CALL aF ORUI_

C[1 LJMBDA BETAS 2!-_8 FOI_ CVTBL
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1 138.
I 139,
l leQ.

1 1_1o
i lqZo

---3----------;" _'_

1 I*14.
; l_S,

; lq6,

1 lqO,

| ISC. c

l ISl. ¢

I 152. c

IS3, ;,._ ._
15_,
!c1_

I 156.
I IS7.

l 158,
I 159.
I 160,

--l_k;+
162. lSq

1 163,
; 16q,
; 16S,

1. 166, l-rE

i 168, 156

1 16q0 C

171. IS]
- 17'2,

173.
17'*,. - -

17S.

177.
ITll_
179.

- 180,
1111.

143.
153.

l * 18q_
I 1850

1 +" 186_
1 1870

---t :==.
1 189. 161

19_. - +-
191. 16+

19g, _*o*

193,
lqJhr

195,
+- 191.

197.

1911. ....
199.
_g.n.

I 201,
I 202,

I 203.
1 20q.

Air4 m,,-t_;, i, l- T-IMMIr | I k T JUJ_.T I P_RPS 4NT jr. J--G l_[J,q_....

]Ir IK,(C.2 ) 'r _MTIL-- IIM TAU-OT_M(
IF" IK.EG.3) F19L. IkIIU*LI:FTBLINT,Uu+i)-01AU/ 1Cn,

([L :0 1'IME
lit |X.£0.3) 0EL:C lal.
ro 17C I:1,7

13T,--CO £I. X.l I.)" I P.._[kX l | |--VIA C,_3 I / I :'OEL 1 .....

.CO 171 T:Z,NCSS
)IL APe I 1_*28, I ):Q •

CO 171 3:1,7

I?I )I,. AI_II lX'eZll, | I:X t _IME (K +28 * I I"+(_O(l,,X ( v J eyi (_, | 1
JF (Ml_lQ.N(.O } XLIMi_IK+28tMIXQI:IQPEN-QF(NS )IOEL

_E; LAMB0 a BETA ._2-3a FOR SIO(SklP CONTAOL

COL TIP, L(

IFINBETA,rG,CI _C tO 157
_0-4 $6- _.1 ,,,3 .....
ZFIKOEI/(*;II,£Q.C) GO TO [56

L:),E( 1,t*K- 1

I(I;CO IL _,,_I; J" J_g ( [ I L +*+l5 ) +OP( TA/_tO
CALL I FORU&
I[gOO IL,IS)=I(RCCILeiSI-Og(TI/glO

r.O-_S, ,[:,1,7 ...............
COELXIII=I0(Lxll ;-_IRII)I/!*0BETll
r.O 1S! I:I,MCSS
)LIPeIS*31,II:O.
CO 155 J:1,7

)LAME I)_*31 ,[ I:Xl. Jl_+ I)_* ] 1. ! ) 40D(I,x I , )*yL I,Jt ] )
,_F IMAI¢,N(._ ) XLAMI_IK+._|,/*IXQ}'IOP[N-(:F[N,_ )JOErTl

CONTIkU(

IFINOEII6I,r(,_) GC TO 17

.:I_TLS -- "
L= lPl_

_;N I'L-a_ kE I- | vlr.l*-_. P fri- b )-,,*MO@I_ S-t le-l+._VOR C $..¢Ir1 '*MOO t,,.pl_ L )
)s ;,J: tk(! 1,,J I*X;,C t,.!*vOOmS I.J!*v0RCS(J! +uootv+ I. ;

FT,.u0 : *MOOPS tL I / IX f'Tl_ • i Mi]0P5 I d I'*MC(UMP 1,31 )-*IOCP Cl L 18 XM T_ I •
11r I |R IFLG .F..Q , I I FT,.MO:t./XMT_

--- FTEMO'- l./Xl+tk*q 1 *')l_lt,.i*_°T,JkO ) -
l(PP: ;k( I I .,J ;_C F I; I + lePT,JMO* _NE ( I, L JeCFI;IL ! *_TOk0
f T L-,ue-._F-TGWG'_KM_-11-4TEMP-

CO 1_1 ]:l,_CSS
]FI,CCFHIII) _(e+iS) GO TO 161

IFIwCrFHTII|,_iF,.]I GO TO lb_

)_.tM_'II6_! )'z II_-Fg_aIIIIGFRIL)/xMO(b)-P_;MqI*TEPP-
EO TO 163

".._.(---._L--_ _ql. 4 t&_ ! I-I_kl_-+ H&_ |4-_.# Y,_ M_.e rE.§ T-l,&v | I_PT k-bO4,-V_.E,-T4 In ! 1.
COkIIkt.(
EO TO 17

IFIIP¢._Q,Q; 60 10 17
_OuUS1 LAME] FO; PERF R($

11rlfq$'-.rO.QI GO 10 151
1E-PP-_,_ _ ! Tt_--4.L_r-_r FR-IS.;tMO-&._ PI_44*FMII X e 441Fr,.4-_P r,-i-,v._MC-|-; PR I ;
l[PPI:I,

IF tMSkCHIIPgAII,I_Q,_.I TE_API:F.XPI-V;;cuTiIGZtl;o_GISP(IPO*[)) ;
T(P_=2--C.

IF IwS bCH( I Pi; ,, 1 _ .EQ .2 ) TEMP2:-TAUT ¢ IPR* I I*G_ IM ¢ IFR I IC ISF IIP; )"( TEMP
+ -1 .,,1 I IP,( I I +,t I_ I. ,_MC11PI_ ) ;+)

._+ '-S r,..- t " ;-.,,+ +$,_---
IFIt(CCFHII|)*CQ*I_;! GO TO 150
lFll(¢r'l::HIll),N(.I! GO TO IS2

)L_m8 ( 16,, !' I: q 1. *+l_x_e I/¢Clrp I IP_)/X_C I IP;)-_+;Mq* 't(MPI- I I .+T(Ppl ! ),e,¢F"
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] Z05. [0 TO ISG

-- t---------_O6. 1 S_--I_t, _NB4 ]4 vZ i= ILA II!_ ¢ |i_,., Z )* T[ _PmYLBT ¢ |Pl; • _lJTli PP 2s_1-01 I [Pl;J 1_-] )
! 207. lEE f.ohTI _LE

2n8. _0 10 17
?09. 151 COhTI_U£

21;:. 1EMP=FI;KIi/II le-;Gl(illIlMO| IFRIiiTN£ { loIPI;I I
211. tO 16 l=l,kO_. _.

-.-- t--;_ I, ;_. l_" CKG{FNt I I )-.I[G.,| I _LSTI |PI=, | I :_. - ..............

] ZI3. IFiI(CCFHIIII .[Q.]SI GO TO 16

| 2 lit" _'L A_B I lb, 1' )=)L& I'E I ]8 t I }'1EvpeYLR1 ( ]PR t I }
1 215. 16 CO_ TI_t;[

J 2]lbe Clil"ll
1 217. C £wC OF LA_SI ANC LI_'B2

219. I;E lURk

;_20. ENO
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Ii

2.
3.
q.

---S.
6-
7.

8.
9°

1Q.
-4-:.

1.2.
13.

lq.
15.
16.

_ J--'7,

lq.

20°
21.

2.2.
3.1-

2S.

26.
27.

2e.
-,?_
30.
)1,._

32.
)3o
3cl.

.16.
37.
38.

)go
etC.

----Jll_.

q2.

q,3*
qq,,

aS.

--- q._ e.

all,,

$0,*

$2.

--$3. ....
Sq.
SS.

$7.
58,

$9.
- ha.

b|-
&2.

63.
64,
6S.

66_
67,

_.UBPOLI]N( 6JXRN

CGNTI;GL$ THE S[TUF LOGIC FOR TM( EtCKUARO U_A.rCTOR't INT(GnATZON
ING CALLS IH( ZN](£RATZ0N FICXAG(

CHARAC T(Re60 H(aC
CHARAC;'['A*6 PrS|CN,HEJ0(R

C0_'PQ_IAG(E[ITZJ'E(;,16),TAUTI|$1•TaUMI ISI,12(PC,TI. ZFTeIT]LT,TM1NH,

_(TZ v i'C •TL, XN a(JG v INE f 6w 1S ) ,I[NGOJTI 8, J$ I •$( I | I• kICl_5 I • w,JET I ; $ I _
*t.(aO, ;RZNT ( | c. I,$1[Pl 1 5) •MNOM( |S 1,14PAX ( IS ) , FI;OP it: ), TBEGR, T[_OR _
_ _.HAOO-7,r _H | RO v$*t._-_,il G&-,],_ I ,C8 JX-|b, T(;)" IR, yAGU-I_F P I; F-A._,C.H V.(L

CQMMQEIAG[N21i& t!A*CAeALF,ALFY,CHIF,SCI'Ip,CCHIP,CHIY,$CHI¥,CCHIY*
e(HIge._CHIJg,C(NI;v$1)4,CTNeSTH;fCTHL•_)PM]ZeR]I-(eReYReXWe_;MeSL, eSVeQ,
*_|qIZc. I,OVAR$11._)trELX0MIIS,31,OELXORI?,_) _r(L:ICIIS,71tMZEI:IO,aLT,

*);4aCH,GDOT,FJS,FaN,#.t3_3),CASI[_CT2_UIqF•aI2k,_;_;M_A32V,_,JEXT,8(U,
*EYt._O(L,GHIq&)ll_. l•8MPN_8S T(PI|SI*J_ME*I'MX8 ,IPOL_',Xlq_IQ

E01_MeI_ AGE N_Y _T FCr|MGT_ XA • OU_¢P _K i T _GY TiDr X_d_G _'eK',_ _,•KM-T& t _-_k] NI_S 1----

* kBGC7 I _ ) t NENCCT I q ) +NP IX •N(]EVN T ( S ) t ;_OkO ( | 5 ) ,I_VN T ._NMMNT , IH(A(] _,
,l, lr kM_,i, pSlrLE C]t ) ,kS'•ST 11.5 I, ]CQNSM• |I;TLS ,I_POLYtX lkO_,XgOER8. J_'_$ TGN,
*IRTFL£,NAOLL ,NCCJSI,IFACT,_,OBAS(_LSTG[ (15) ,PSMCV( 151

COMMOk I&G¢ hq _QA L FI41, OBl_ ] I ,GCN ,$TH | ,CTH 1• X._ X t3 ) , X_IV ( 3 )

CQIqMQE IgAl_EIb_$ $ 11C,10) ,YI.F 17 _ IO)
(Qp_QIk #8&_4 | N-1.l_ _._iN it4 -_-l.rT_ K _-T_K O_rYIr t-7-v| r,.).-_Y-b-G-.i-7-_,-|_J-,rB§A ¥ _-I. :[_I_.__;)- e--

*_e |RO |, TGV 1, _8T fiG2, T6V 2 , N8 T_G 3, TB V ._, NO TRGll , 18 ¥ q ,N6 TRGS , TGY 5, I'( _0,
*(,T8_, Ck3,0;_3 ,Ca) ._ ,u ISSg 110 • X0 ) ......

COMMQklBGFN]INO$.(e_.TGeM(NI",NACT•NOPI,NI={¢_I
...... (0pMOklO_.AMG_Yt, gTI JS,IQ|eYt.OMIISe|C)_GaPH]r IJO)_PRO012_|O)

CO'P_O_BOOYB_r8cbi'C|SI_TXC_i|S),i'YCG(I_),XLENt_I_;EF,YR[F_/_g$1,_BSZ,

;,B.S ,1_ g S_-, _B $§_-_ 856, ,qB$-?-, _li SG ,JqgS qs-,P-I_$ _O
COI_MOAtCONSTIRAC,PI_R(,FLAT_CJ•H,O._,CIAL[,OPEGG,JLTI,ALT2,P<.L,

- *_Z(RO,FTNtPTNG,i:_.FTM,PFM,PFIqG•PSFFV
COMMQRtCONT_C/TTfL 13[_),CPTELL3OIeCYTBL 1301 ,70EL 191 ),CPCTBL 19|),

*(YCTBLi91)
CO;_0;v/O[LXHIOEL:m t_ )

_,0 I_NG k li)R N GO 1 ._ORkG C,_.1.2 } --
C01*MQk/[NPUTIP$]I;$1IG_tl) ,HEAO[R(2C),NVRSTI q !_KCL'R['_Ib,qI,LJlST
(;OHMOklFOP INllHe iNK ( 2 ) _ T , TT,M•U,V ,X •Y _,_,XH |,Z JF (_,8) _ QVAR ¢25 I •F'$AV(

* I6,_5),kTRGI, TVI,h11;GZ,TV2,P_TRG3,Tv. _,_TRG_, I_,;_1RG$,TVstNT;GG,lV6,
*kTNGT,I'VT,hTI;GE•_V|,hTqGQ, |VQ_NTRG]CeT_IIG9 h1RGI19T'V_._ _/_TRG12,Tv12
* kT RGI .'_, TV I.], I_ 1NO ,44RO(R •(U t[.L eA YL ,HMX ,HPN ,H h P

_,OP-HQk,/HC A | / P I X I. l (. ........................
COIAMQRIZPf_ I][ F_, kPM_ ILAST ,KOT I I_) ,P_Kq,PI_TCT

C01414OEIIdlp$tT|MHF$i 15 leFTBLI ]S)•THACT¢1§),ELZH! 1.c.), TAUaLTIS ),|ALTBL
'* ISI,,_qF_.I,PPS2.1'EL.[P,GLZ_T

(0p_G_,INOmOR,_OPCR

COMMQklR[STI_JSTJ:,NCNRSI_),NTCN,TR(qI,L._BeNFE,NOPAReM|GT! |5 )
(;OMMQE/lrlOLK IWCCA_ _.qCCN2 ,PCON3 _MCOEU ..........

C0PMQk :VaERO svAEROC ( IC, 19 I ,_18,Mtq ,_9S 18,XS_.19
COPMOA I YLZI YL_N ]' 17,2_ | _PW_' ]'[ (ZG) ,PSZR( C110 I ,KCr_FH! I 1(_) ,PSTRI |0 !

C ]NITIJLIZ[ SJCK_aRC RUN
[X ][Rk_ L _D_ ] 1, _rR 1•GMO(V ,GSIVEG, 8_E_I0,8GL J_
VSSl: l

_BS_:C

- _lil : 1

_'9519 :C
LI;. n _;OL :S
)FI_Tk0B.N(.;)LLC$CL:3*IKgOERI_*21*q

1G_:0.
IBNO:(,
I_OWCR :(

_C TN: 1

£,0+-+_E--_ z l-r +---
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| 69. ]r" (NVl;$TI II.F.(. ( )

] TO. IR/1):(,

) 71. -_C (Oe, TZN_r

72J I,C T TA _ :MC'r tA _.* 1

73. _TB:!

?_. _].Tf,,Rz e, V_T-* i- -

7_.,, ]W C"N I_ _NT., |

76. kEhT',, ] XR

77. |It I ZXf; .[Q.D) Nit k 1: 10D

'TB. 1,0 SS,;. hE N T

79. _'BS6:(

8 G. r*Iq_ U_-_ M At3 _6.; R..TG 1
81. C _(RC (L,T LI, P4HI_A$

82. (0 IO )--1.7

1 e3. r0 |0 ,:I,ID

; a_l. - |[ _lL I|e,,)-'O.

85. r0 ) .:1,7

-- | 8t. i"0"--]'-_ ='-1 rN GS

; 87, 1 IL I-I, I ):YLZN lI,J* ])

88, [0 2 ]:1,1_

1 89. [0 2 .:1,1

;, 9G. ; k155¢ I,-JI:C,

91. ro ? ]"1+15

-.--4 _q_. GO.--';---.=-,t t | G-

93, 7 ILBT i I ,.JJ-r.,

:. 9a*. C

9S. C CTcp 1 ;][G GI:'R

96. I'81R 0 ):l

97 . I_ V 2-- IrN0- TO

_CIN=hCTk* 1

...... q 8-r---'--'G .....................

99.

lOG,,

lOl.

102.

IO3*

4 G._,-,r

IQ5.

106.

107.

108.

IO9*

_,T Ji-.O.

111.

I12.

---'-'t"1_.

llq.
-- 11S,

116.

1_17.

118.

120.

- 121,

122.

123.

1Zq.

--t__ = .

126°

127,

128.

IZglr

130.

132.

- - t3],

13_°

135.

136.

Cs2* 1HRU$1 [VEhT TR ]CG[P

_,e TRG ; :2

1BY2:(.

C

CS._w k[JGH1 DROP Ev(h| 1RIGG(I_

_,6 IR9_- :2 ...............

JIr (Nb'kk T. ({;. ( J k _ T RG._-'-2

1B_3:lENO-11;,(IZ,,NbVNT)

C*gI_

1B VS:TENO*TGL1N

tB TI4REV I

tBgD_V)

FUNCT|0N$ I_$AVEG)

)NI'TIJLZZ[ C)"1 SFACTNG

IN| T|/EZZ[ T FRU S 1 _ ST [p _,/,INO_ ,/,_dl X _,_eCOT, ETc o .....
CALL E 1HRE le

,, C J N [-_q-T-] A_- - ][ N 'Jr-_-_-_1-1 _- _ N.----

2 kA CT:'/eNOSS

• - FOPOR :I_ ........

CALL CE$OLV!)C,kJCTtBDR1].BDR_e(_,6e_CERKtHN_,e,P. BJNN,BSAV(,

s_; kDB ,LLD SOL ,BEtJ ,8EL ,HMXl) ,BHMN .RYL .St

';_E'/RGa,BSAVlr(e_t TBV_gN_TRG._ tBWOE'V_TBKgTB¥_,

_"_.G ; RG.; ir8 T HR_¥_rT S_,r 18V 2, NO T RG._ _ ilGlr I _ _-T8 I_-:I' B¥ |,

_ 1_9 TRG ] tBK(ND , TBI( .T EV 1, 0,Oe0tl:, C,OtC_0, O,£,n.D,

'(,(,0,£, O,O,_,C, (,C,O,_)

IFCK(I;R.N(.DIGO 10 •

JFI/VO/'OR.£G._J TC TO uO ......

NCmO_; ZS $[I XC 1 tm BTHREY 9(FOR( CALL tC R"I'P, RK ZI r RESTART

] _-(-_,-II:..F-R -e_-._ fN .1 kH-_r &N,[-_;-THR-," |.._._._ N VR $1[- (-_.J *_¢---NGP £__ - _'-

)F INOPCR.FG.()RE1URN

)r INO@'OR.EG. ; ) ] II'4 I;: I THR- |

U[ kC TN:_CTN-,t

- - 1RINCIN|-TF'N(_-T_
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l $ :;.-.

1..18 •
1 13'9.
: 1'_Co

14_1o
l I_Z.

-4_q," :

| l_q.
1 l_So
I I_6.

; I_7.

lqOe

I-_?_

ISCo

151.

IS_o

IS_o

kG6$¢_G$S*k¢_l_S 4-kC-1N ) ....

CO 5 .:1,7
EO S I:R,N¢SS
_L I,,,Jt | ) :yL.1N I l,,J .,_')
(O 6 I:K_,NQS_

'd. B T ! Z_I_R,_ ) :C.
L_..,L- K-,J 1................

LL :KC CI;(S (1,., ,kCT k ;

]r (t.L.G(.Ia. JNO.LL..LE.20) YLSTiITHRtZ i:ORNTCT 12)
ro 6 .:le7

6 1LB 1'I ] 1NR ,, | ) :'fLil 111THRt I )'C(LXQR I ,.,INCT k )"Y L I_ | )
]FIMA_iI-ATeN(,Q.JkQ.AGsIO(LXHINCTN) I.GT.Oe) ?t. BTIITHRtMAXHA]I:

*L-Y I.ST-I _-'_HR .sMJXHAT )'IO(LXN | NC.TN )
]FtNOPCR.(G.;| (_C 10 211

_0 TO 3
-_[ C&LL _K(NO

_K_,.,___g_.f.,C._.'FO,£Jt4.J.4J,£_.,_, ;aPI,Zklr(GR,IITZON _'RROR,,.CL/qP(L"!
156, 'cTCP

IS7. (NO
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le

3. C

E.
6,
78

8,,

911

10.

l],

12.

lq.

IS.

16.

--------l-h

18.

19.

- - _I.

22.

_;_-3.

2S,

26.
27. - - -
26.
39--

30.
31.
32.

33. ¢

.&5.

36. "
37.

39.
q0.

... I(

q2.

J *_5-

I a'6*
-1 _?. ' '

! qS.

] S0.
I Sl.

1 S2.

SS.
*_ --,,.
] 57.
_- - 58, - ;

) Sg. ._
.... 6G.-

61.

.cUBROL lINE B(Rt

CG_PL1(S 101lk IOvOINT EOUJTION$

EHSRA-(--1ER*69--H_JC---- ....
(HJRACIER*_ _l$ICh

CO_OEtaGENIJTIPEI;,]6)vTauTIIsI_TaUW(]SIwT2[PG,TLZFT,TT]L?,TNiNHv

qLT2,TC_TL,xNJUG,1NEI6,]S)tENGDATIE,IS),SIl_I_CI1S)_J[1(IS)_

*(HROO 1 ,CH I RO ,FS _ ,8 C! 3,2 } ,CBAXZL ,TCI" ZR, v;PCU 1 ,FPRrSC ,CHVEL

eCH|Rt_.CHIR,CCI_I_ ,SIHtCTH,STHL.CTHL,DP_]Z,RII'[,R,VRgX_.$V.SL_SV,Q.
e_IVI2- _ ) ,DVIR _- (1 ._ J ; rEL)IOM IlS ,3 ) 90[L )OR ! 7_*_ ; 9C(LXD| 15_ ?) _I_2[RO, aLT_

*)_CH, _D01 ,r J_, F J_t ,S ( 3,3 ) ,C15( ,CT2 ,UI_F, A 12_ ,A22V, s 32V,X._(x 1,BEU,
" *EYt._B(t.,EH¥&)lJ._ leeHI'_N_E5 TEP|lSl t_k_g_t'_XD,_'_PQk_r;X_|J0

COIqMok/aGF'k_/|'_I._;t]W[_e_XRevUHPtKATeMCYTA_e_AS(e_$|eKV|J(q|,L_h(S t
o bBG_T- I _)INEN_-T I ql_vNMIl( vNO[VNT | S i _kOVo t |S )-TkVk_ _NId VN.T r-_ME&G _-

*PZI_'I,PPSF'LG; 15;,_S_rSTfISI.ZCONSUt ZCTLS.IrPOL_tI(|I_OgtKROERB..P'ISTON,

*IRIFLE _NROLL ,NCC/S 1,iF&C1,kOBAS[_LSTG[ (lSI ,PSVCFI lSl
CDPMOk/B_IilNT/BBI_II_(2J,TBI(,1BMDeYL iT,]I_),YL[I?,)OI_BS&VE(1._50) ,

'_ke l_S I ,TSV i, kBT ;Ea ,T8¥2 ,NGIR63, T8¥ .1,HE 1PS_ ,1BYe ,NEINGS,_ TBV 5 i I(N0t
eCT§q _ £_ 3_D2_ ,Cq 2 ,tl )SSI) I 1C, 10 )

(O;4MO-k #eEl k3 _NQ $ | _,v, TB ,rN|N 1 .,,N&G7 ¢_kOl_ | ,eNF ( _,l
C0_MOk _CAL )F tPx X ,P '_X ,PZX .PXY tPYY ,PZY ,PXZ ,P'f 29 P ZZ, PXll 9P'_V eP;_M. PXU9

S Fyt_ eP ;_ 9PX V,_ PYV ,_F ;_V _PlUM _ PY_ 9PZlq vPCX CP v POYCF ,,PC 2CP. P0_¢1 .FO _CY ,FO_C

slgFOXCFP.P_,Y(FP_FO_CPPgP_XCPYgPOYCfYgPt_CP_P_.)CYY_P_YCY_FOZCTY
(OmeO_ _CONST /RI C _P ][ _RE gFLA T ,Cd,H_ C_ _CPlt_[ _O PfGi ,AL T I _AL _2 ,PSL ,

*EZERO _FTN,PT_G,F._F 1M,PIrN,PFX s,pslrl r_,
-. ;O;,_o_ al._( _ 1 / ;,a x I. a ;-................

coIqMo_,IflPSITIMMPS! |S),FTBL(1.S) .THROT( )_:),GL]I4I I._I,TAUaLT(S ).TAuTBL
iS I,/qF $1,1"P5 ;,t ELZP,GL_MIT

(OpMO_dpHRS/;I- R _ i_ )

tA_O0 J oOT$
IIr(N6IRGS.h(._.CE,I.PS_'LGI_TfIRI.N(._! GC TO 113
)_:_N| IO*X_& t.G ...........

'/HR-'_(_OAT(6,_I) •Ik(f |._'TfiP)_PTN
1AU:.X_GZ(ROoGL ]P| |THRJlTNR
FTAUPq:EzERo"EL_P !_ IHR)/TI_R

p|SP:taRZSP¢ 1AU v_Gt_rtq)
r_$p.-C[VZSPi 1AU ,F_JUM)

CO 1 ]:I,NCS _-

_LO( | _;:PXW_¥L II,]IePYVSYL(_,Z;*I=_I_eVL(_, Zl'('¥t |q,|l
IL_ 12 ._| I=PXUeYL I 1, I) _PYUOYL I _ . Z )'('eZUeYL ( 3,, ] l* YL IS_, ; )
1L_,!3._')'PXVS¥1. I ]q,_)*PYVeYL f2v,_)eP2V*YLJ3e ]')*YL fb,2}

_LUIe _| ):PXXeY L I 1_ 1)*PYXeYL(2_|)'_ZX*YL( 3, | )
--tL.r.l§.t|):PXYSYk(|_|)-Pyy*yL(2_])_.P2Y*Yk(3_)) ........

1Lr, IE,Z):PXZe_L I 1. |l'_PYZeYLIZl|i*P;ZeYL|3. | I
ILDI7 ,Z )=PXMeYL f ],|)*PYMOYLI2•I)*P2MIPYLI3, ])
]FINO1RGS.NE,2.C_.P'_SFLGI_THR).NE.el GC TO ]

]lrilaL.LT..6. _) _C 10 ]
IL0fT,I/:YL D (7, Z J*_L_(|THI_ItIxZSP'_M_C_SP )d I X'I._PIX_SP;_YL {7, Z J
I;OkT| _.r ....

IF IP'I );_T .EO .C) ;( 1URN

CO 3 I:I.NOS _.
:." "._-..aC-, ;_ l-a,4.a-l..4--iO--T_ -,)

[0 2 .:1,6
_ll;[(,J i_&XH&T I:Y kC I ,,rgM&XHdiT )_l_l'lRl; | _ }
COkT_t[
RE _'URk

EN0
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11

2.
3,

--S.

t.
7.
8.

9.

12.
13.

lq.
15,

16.
--1;.

18.
19e

21.

Zq.
ZS,
260
27.

28.

31.
32.

3).

--_§.

36.
37.

.38.
39.
qG.

e3.
qile

qSe

qO.
-----_.7v

qO.

SC.
$10
$2.

5e.
55.

--_6.
$7.
54.

59.
60.

01.

63.

bee
bS.
66e
67.

- 6,0.

690

_UBROLTTN( BCRI]

COI_PLTE$ TIP( r'IEPtENOENT PORT]0N OF AIJ,..(]TN1 IEQt..;JIT]ON5

(X AA6( TEl_,e 60 - 14Ei E .....
(x al;l C 1(Rt(m I, ] S I CN _,JlT/4OTN
CO_Q k tiE,gO |/i E;O C( ]g, 16 P_ A(_(]g ( .cC ,$ _ .=! v T C_!iC F (2(_ I vO(LCA( _O ) •

eI:NPONI[ IIS) _-qlalrAell :.a t Z) o_NFTNRfSOe_)tC(LCN I._(])eCI[LIVI2C)
COIqlOOk/.lOll h I 11I P[I ;'l_ 16) .t T JlUT( 1§ I e TAUM I 15 I 9 T2(;;G ,,T t.. ZF'r, 1T]L T, T_ INH,

oCT Z 9 T l: ,.,71..i, XH lUG ,|NElbvZS) ,(NGOATI 8,15 ) ,SI IE 1Rid{. ItS ), I,I.J(T ( 15 ),
; I'E-60_rl:; ;N T I | ! ) • $ IE I=I"1§ I-v I' N(] N I 1§ I • _ 6W t | ._-)],Otto P-|_ I-_-T 0 ( Gg.r T( kOR-,_----

e(H_;DOT_CHTRO,FA_ oOCI.=,2),C_AX;L_TCI'_R,VRCU_,FPRFACeCOdVIEL
COIqMOktOGl'-'h_tilZ oTA _OA,ALF,ALF'f,CN]F_$C)_TP_CCN]P,CNIY,Sct41¥,CCN_T,

*CHI_,._¢H][R,CCH_I;,SIH,CTH,STHI..CTHL eOPNIZ,ATI'I[,R,VIO,X_SII,$U_SV,0,

,o'_[v(ZC.I,OVOli._II._IvCIEL,xOiI(]5_,3),(}(LJ, C_IT_! jCEL.xCI|Sv7I,WZ[I;C',AI.;T,
*)H_CH,(;DOT,F'JI,FJN,_l!,'I),CISI[,CT2,u/4F,_iI2_eA22_,A32kI_.;EX1,BIr_,

(OI_Qk,'JkGI[N!*'rTI'I;_ Iid0,ZXA,,JUHP,RAT,KCYTAOo_FAGI[,J_$19KM|IIcl)oL_NIrS,
*kOGCT (q) 9N(N£CT Iq I i,NMilX 9NQEyNI' I § ) vhON0 It S I ,_VN T _,NilVN T, iRE JIG,
tlWI'NHI, PFSFLG I ]5) ,kS 'leST ( 15 ) ,.ZCONSM9 .ZRTLS,.TPOL YeK JP.OB,II;0EROe PTSZCNe

-- - _|I_IFI_E okAOLi_ _k¢CJSI,IFACT,k0§AsE_$TGE 41§) ,PSbGI'¢IS) - --

COPMQkJAG(hSICH|eATvcHPO_SvlHYBIIS,CHZTJV,T}X_TTT_TZZ,APX,APY,AMZ_

COIqlO0/_/diROCI I: aT ! )e J,A THQSN

C01mloOh e+iLi T/aLl T_ i LONG 9 AL TL$ 9N TAOL E
COMNOk_IVGGP_XGFa_ _GPJI,2gPa
(Olaf'(Ok _OAK IN l_§e iN# l 2 ) _[,Tgl't t T_I_0, VL ( 7,p | () ,,,Y L _ ¢ 7,10 I v8 $i V( ( | -']'OG) ,

ekBIRGJeTBVI,_0TI:G2,TBV2eNBlI_G],TBV._,MBT_Gq _?BV_,NBTI=GSeTOVC,T(hO,

CO/4140 k/OGI Ph3 t flO c • ; .-T6 ,N(N T, NACT ,NO/4 1, N I: I • )

CONIIIO&dOOOYO_?OCk_tT§Iv_XCGI|SI_TYCGI|SI,XL(N,XI_I_I _,YI_(F,/_O$2,_O52,

C0PMOklCAI.|I r JPX],PYX,PTXeP_¥ oPVYeP_Y_PXZ_P_ePZZ,PXM_PTMoP7M,PXUe
*FYL,P_L,PIM,F_V ,FZ_,PX_ _P_t_ _P Z_I ,P(_xCP ,FOYCF ,PC _CP _POXC¥ ,PO'fCT oPOZ C
'_r_FOXCPP,POYcPP_FO,_CPI=,POXCPY,POYIFYvP_.ZCP'f,P_.XC-Y-¥,POYCYY,POZCTY .....

COleMOk/¢0NTT iRA( ,P ],;;(,FLIT _,C,J, H, 0. _,C/OL(, O P £S,I ,JLTI , all2 ,P_.L ,

eGZLAO _FINeFT)CG,F_.FIHoPFNtPFNG,PTFIrp
C0/4140k+'O(LFAEI0(LALTIZS |,C)(LFAO(25 !,N._CvH3 ],ZTCL(IS)

CO_Ok/O(L/,tl T/ME !Z I,_PS 30,_95_1

COPfOOk lFOA |N llHE JNK f 2 ) o T , TT _d _U vV ,) vT , _ _XN | oZ JP (181,_V a_ I 2C t ,F ':.A¥(
" (b_S|,,NTI:;GZ_.IVI _kTI_G_TV2,hTRG!,TV]eNTRGIIo-;¥II.,NTNGS.+_V$,NrRGO_TV6,.

ekTRG7 ,1Y7 ,hrRGIJ _1VO_NTRGQ, Ivg ,N_RG iO_ T_|O, I, 1NG l |, TvI I,h TRG I2,T'_12 ,
ekTRGl ._ , TV | _ Ic|N ( _ll I_O(R _[U ,(L., aYL , I'PX,HIVN _HI_ !+

CO/414Ok/GNA¥1 ETO ,_1 1,G22 v02-= _G33
C01qNO k _H(A TI PI X14_lT

COMMQk,/Nt. AST/Iq_ P_T ,_qNMM ,@(MMK

(OMMOP, _,'L)M t i IN{; (p ( .10 | ; )L;I, I ]0 ,,_ ! ..... ,RIB/el 2 ), _'L b/_ |, PL(M(t

efl. EPI ; ),OLBN 12) ,CL S_ll 2) ,VL_NI2 I
COV_QE IL.BMM8 L/NO L8 | 01_0L B2
CONtlOktI+PSdT]/OMF_.(JS),IrTOLIISI,THAcTI 1.c),GL ]Hi lC!, TAUALT(5),TAbTOL

• tSJeN;_I_HP5 ;,]GLI/'vGLTHIT
CO/4MOk_GNSRC_/FCP$ iIcI,FRC$II§),_CCMEI 151, kCRC$ (IS),k, OCU/OP lie)

- COP/4OEIOE0btCLOb rid IN1

COP_qOktPHAT/I=_Rb,P_'gLImPHRv,PIORX,P_I;¥_Pt-gZ
(O/ONOk/TAO$/1OL _JO ]_,_OL I1C:),UOL,' |O1P,VBL I 1O|),XBL(JO]),YOL (1_1!,

COV_O P,,eV,l( RO _ V& E FO C I 1C, 19 ) ,_ 111 ,x 1 'il ,/4_15 18 v,"lE 51_

COMNQE tv | NGI/k _' 11115(7S / vklTgt (75 v2| _Nk_NC
r'_/OF.N_.]ON 0FJOl ] )_COFAO(ll,AF(1)vOYll) ,CFI 1)
CZ/OEN$ION xNJTI 2I,YflITI!I,ZHAT(3) --
CZP(N'_.10N STEL( )CI o7I,$TATEITI,SQCI7I,JlAI7IIEEI'/) ,CCI7)

E]_*-FEN |JGN-F& m-T-E-_-l,r-JF-J_Gt-J-).;Olr &O (,-,,T-,II,..,_F...,&OI.,Tk.,,..t_A(A G._-L..L._., ....
,I Ill ERO ! _2 ) eOA E%0 i .)2,)vC,II.(R0 ( 12 )

_| I*EN $|ON CO I_ ) vCGOt ! 15_2 ) elSGGt2l _JCG I 2),ilCgl _ |,GCGi 2 I
rZM(NSZON _IARG( ;),kARGOl2),Sldl2)mObl2),CId(_)_ldI_Ol_!
EQU rv II+.iPNC( (kIM_(vkARGII)I+_IAZIdo;ddKG|2I|t(FkNOI.,klARGQ(|IJ,(PIITkON+,-
bANG0 ( _ ) )

_0 U_V-Oki[N¢ E--- ( V_rS T&-T_-¢ 1 )..3., 1 U+ S T A-TI'.-I-_ LI _+_V-+$-I JLZ( 13-3-J +-l_(, STAT_( tit ), l-Y ___

II.ISTATEIS) I,(2,$1ATEIbI) _IX/4],ST,ITEITi ),(V0. LtII,$TOLI 1,11 Iv (UBL(I),
_.TOLI 1,2) lvl+llli+ Ill ,STBLII,OII,IXOLII),STOI,.|],,_II I, (TOLl I),$10LC 1,51
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LqG.
lel.
1q2° C

1Clio
leS,.

I_60
le7,,

IqS.
:_q.,
15C0 C
151. G

152. C
153. G
ISq.

--4 SS.
156.
157.
1500

159.

16a.

162.
16.1.

16_1.
16S.

166.
_-tV-;,,

16a,
169.
17C.

171.
172. - C --

173.

175o
----d-7 _.

177.
170.

179.
180. - -

181.
-- 102.

103.

lal,

185. C
186.

1870
"-"'---tO.".

109.

190.

191.

_- 19;I.

193.

--19.e. C

CZ'r: T(I'P ;'lZ" T( I,P (. el I -_, 2 !
GZZ:G II,TEMP._$Z*TE_PG*A(3,2)

gT_(:.I, PF*a(/IGRllU_IroUHgll I.-¢T|I*C;_)

LHFC:FkAT•!2 .*FLJT I/IR(eRCeuMIreUI41 r )
at I:N-RTH(

CR TH( : _TH( ,I,e ._4U IPFC *C T)41 _ 2
FHI:XII;-IXeCT_-n_iA I1 .2| )llORTH[

;HY:Y IR-I Y*C llA-qea 12,2l )*0RTH(

FI,I_&_tR-4-ZIG lk.-.£ 4& ¢*_t21-)_0RTH( .........

CALCULAT( RE:LATIn( V(LOCITY ANO PIRT3,1L O[RIVAI'/VE5 W.;.T STJTE

CMx"l l_'d

C14,7:A ._2M
|_ PP: Ce y,eZ-OX Z*

I(PP1 :¢_Zex-C_K.o
T(I_P2:C_Xe'f-C_Y * x

vlhOI ll:O.
k|kO&_ )*0* ..................

klkO(.Tl:O.
kQbINC:tTN_( .

]FINMINQ.IrG.() EC 10 200
IF'IAI. T,LT,ALITBLIII,OR.ALT.GT,ALTTBLINUlNO]| G¢ TO 2C13

kOkINC:.FILS[,
I(WPX: T(MpATEPP, l(_PIAT(e_P 1, T(eAO2, rClAP2

FI:IT(PPteQHZoTEpP;*OHY IIT(Mp3
F_" IT[ PP_eGM]I-T (PP e(]MZ ) IT(MP3

IF' PPq : I./SGN 1 IT EI'P ._1

El:T(/'P ,eTENF_
E2: T[I.O IeTE;AF;*
(3: T(I, F2$TCHFq
,c(-| )l,*.-(,-let;I

F( 1 Y: -E I"P 2- CP'Z, T( I,_ q
F( lZ:-( I'P 3*(_v* t( p,eq

F(2¥:-E2*P2
;(2Z---E2eP3-Cl_xel(P_

I:E ._Ik_-.C--.]*P |--(r _-Y s-lE I_ILU.----,---
FI[3Y:-E3*P2'.C_X q T( _Pq
¢EJZ:-E3*P3

I(l_pS: 1.tR

1(PP(_ : I[_IP_* TEll; (.* l(PP5
_ ] as TE-IqP 5 -N* _F*4 E_t_:4F
FRX Y-" oX eye T_M/:6

FRIZ:- -X •2s 1EllP6
FR _f¥: 1E_PS-Y tY* T(ll FS
FRYZ: *Yt2* TEllF6
FR ZZ=1EMPS.Z tZ* TElllr,6

195.

1911.,

197.
1911.

199.
__f't I'1 -

_O 1 •
202. .......
203.

2l)q.
295.

ZO7.
208. G
Zing.

CALL _.PLINEI ; ,_B -_9,75,ALT ,ALTTBL, MaRG, MYBL ,_ARGC, 2 ,_OS |0,aM,BY ,CM !
._A2W:*SINI aZl_ )

tAZW:-COS! aZV )

T(PPq " I(3oY-(2* Z le T(pA=5

1( lip 3_ 5A _.M eF._4, ('.k_ bL4 ? IMP L- ....

kit hOII 1 :UllAG * T(I,'Ie3

FW |X:;bHOHOPlkXe TEllF'J'*vHAG*I SlZVe ! P( 1X-PAZVCI, oFk X*t(llPl I';CIZVt ( IPF. 3

• )o y-p [ 2 Xi Z | i 1( II ; _.* ([ ? ipR X Y "( 2tP_X Z ) ,sp I ZWOH i Fll IIE I } 1

FW IY'FWHOM_DI.T* T(llfJ3*WMAF.4(SAZwe(PF.|Y-FAZMCb*_F Yo T(M#_ I*CA _Ue( IP[]
• IS '_-P ( 2Y* Z ) t l(Iq f 8_ 1_ l*pl_ y y .(2SpRy Z ) *P | ZWOll l I:H y * T1 I I

FW _:F bMOHePk Z* ;[MF 3'_WH AG$ ¢SAZVe ( P r _Z_-PAZM £_t_ F.Z* T[_Pq J * ¢X2V* ! I P[._ ___

e _eY-P(2Z_eZ It 1(HP. _* l(_ ] ePR Y Z -(_2*PR Z 2 ) sP I ZWOH _IFHZ $ _' I ) |

I(PP_: l(1,7-E2$1 I*TI[PP5
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27C,
27],
272.
2?3.

276,
277,
7711.

_JC_:VR/SCS
I(PPI:I,/SC$

FN_:TE_PIQIPYRI-1(PP2_PN_t
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27q.

28C.
-281.

282.
281.

•-TO tD.
28_5.
286.

287. C
288, C
289. C

C
C (ETERP|NE A(l:0 CCEFIr[CZENT$ ANO PII;T]ALS W.;.T "*&Cl_ NUP_ER

[M aCH:XN,_CI_
IF IxlilCH,.G1,, ]C • I XPICH:1C.

_it_-4.p_INEt |_TPe_r | ;'_0TXNICHVAER0e t|Tl et-g At_I;0"lrT_'R0_V a_RO00 V2 ./4eS_ v --
• JlEAO ,EA(RGo CaE ¢C )

)MdlCH : SMa¢)4

_.(TERImlNI r BJ'_.E JJXAL FORC_ IN0 Plf;TIAL MoR,T IGT|TU0[

--*_OE r-----C-------- (/,L-GUL-_ IE IL-IT-T trEE.--r,GR--Ika SE-Ir-ORGE---I iek E--;rOGX_9

291. C
292, CAkTE:AER00( It| ,Jl'iLTl'S
29 "t. I G 1:if. I*OaLT E

29a. ]FI|TI.I;.GE,NCBaSE) GO TO 31 -- -
29§. L=I,$TE((|TMR)

--;9 _ - ilr-I b,-_ C.,,_-v AN _ _ i-,_, ;.-THR.!. I,-t,_o9 ) - t.
297. CALL sPLTN( ( .J,,ql.t $3 tSO,HGT. AEROO f I '1 ' L ) 'FIO 1 _AERC8 I I'2.L) '

_911. *I(I3400(: t 13 ) _2 ,_6S4, IF'AO,EFIE,CFAll I

299. FYE:0 °
300, FLE:_.

301. FNMO:C •
--3G_. r..tr-vOI,l._ G-,

]O_. Fir LON:C •

3Qqv - FFkIe9_ :0.
)as. c0 TO ;2
-3Ok. 31 FAO:CfAX|L
307. FF 1814 :C.

,,--,_iOi. FN 8.GO.
309 • FY8:0 •

-) i l; .,- . e_O:O.
311. FLO:_.
33g. .- • FNll6:(. - - -

313o FFheH:0.

315, FFIfON:C.

316. FFLB_4 :C.
317, FFNNBF:O=
31e. 32 COkTlat;(
319. ]FtTTCLI|THRI,F'(,OI GO TO 320

--330 _ CiJ.&.-- i NUi.G t_ ,,NO $ ; 1...20 ,,]rM iCH ,,ZONACH-pOG i ! .,.0[ l,_C-k-,,-r',C.NP_1£ L.£tt !
321. CALL dlPUl,G41 ,/qO.e;l ,20,XlqaCJ',TOMIC_ ,CC_2t0ELCHtC,;11

322. CAC:CtC_OCaX
323 • (NC:CXG*OCNP
32_.- CHC:CPC*OCI.Z
325= CaLl, _.PLZN(I I,_ES3C,2S,HGT,0(LaLT ,CFA§ ,OELFi6 ,GCFaÙ ,2,_9531,Ar ,BF ,

---_2k. s ¢i:.) ...........

327.
328.
32g*
33G.

331.
1._2:
333-

33_.
335.
336.
337,

FEE:I raID*OFA8(I)
FFaOH :FFAOH*COFJU ! 1!

32C C0kTl_L(
¢
C CrTERP][N( ATITTUC[ ANGLES
c

CALL /CNTRC
._C)-IP:S_N ICH |Pl
CC_, IP :COS i CHlP )
_.Ch;Y2_3NiCHIY)
CCHIY:COS I CH I'r )

__._3 IJ o___.______ )H a T I.J ) :C CH Z J;4C (_ ;. 3 F ....

339, )xaT( ; I:-CCH IR*S CH]P

3q(:, 'tHaT( J):CC_I'reSCJ. IF
--_ q_j. ?t46 T-t ;" J-CG_J+{"V*G £ _: -_

3q3,

3qq,

3q S,
3a6. C

- ..)q._. ¢

;HITII):-CCH]R*$CX1YtSCH]P

_HAT(;I:-CCHIR*$CH|Y*CCH|P
;HATI_):CCH|KeCCF|I

FIRTIa L OF 0]RECIICN COS_NES _,R,T CONTROL

3a8, FX ICP:XHaT i2 I
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350.

._$1,

3S:;' •

-.IS 3.

1.S_*.
)';S.

)560 C

3S70

_$8.

-359_

3k_.

361,

362.

363.

36_.

- ]67o .....

_6J*

369,- •
J70,

_]4'-].

1172,

373,

37_.

375, E

376.

37g,

379,

380.

381o

382.

36q. C

38S.

380.

387o

388.
_8g •

39Co

391,

392.

393, 99

39e. C

FX £CP':-XHi T ( |l

FY iCP:_rN& T (2)

FY;CP:-YHAT(l)

;Y3CP:0.

r _-i-GF: IHkT t-;_-I

FZ_CP:*ZHJI( |l
_Z3Cp:r,.

FX ICP; -*-XNAT I | t
FX 2CPF :*XNit T 12)

FY-.t E P f--_..¥ H i T-1,1 :

FY_CPf :-VNJT 12)

GY._CPF:0.

FZ]CPF.'*ZNJbT 11)

FZ2CPF, :-;'NAT 12 l

FZ3CPF:D.

,1FIP0_LY; GO 10 59

FXICY:C.

FX3CY:C.

FY |C_ :*SCN Ip t5(; t, |¥

FY2CT :*SCH ZY eCCN]P

FZ|CY*.*CC_|R_YNI|| 1 )
FZ2CY:-CCN|R"'_N J1¢ :,)

FZ3CY :*CCN [ReSell IY

FXICT_=O.

rxG_v_lg,
FY iCY I-"-yNdLT (|J

FY;CY_-,-YN&T 12)

I:Y._CY?:-YNaT 13)

FZ ICYI:-ZHAT I1)

FZ2CT_:-ZN&T (21

;_ ]CV.V:-ZNJ; ; ! ;

l:X ICP'v :G.

FX ;CP'l*.0.

FY lOP _:*SCHI 'rs¢ (F| F

Fy2cp'r=-PY IC _r

FY 3CP _-"0. ..............

FZICP_:PZ2CT

FZ2CP_'-PZ IC_

FZ3CP_:0.

(OkT]kb(

---------_9 S _--- G

396, C

397,

---.3";:,

39g,

_mOO, ....

qrll,

-. _02, .......

m_o3,

--.._ _n'i..

e0S,

_06,-

_07,

_Oge ....

_O9,

_12. --

e;3,

_lq, --. ;_9

417.

-_OPPUI( ANGts[ OF A1TACK _tN0 PlIRTIiL v.R.T $1A1E

I(PP|:XNAT |1 )sSk4xFiT(21eSU

ILP:&laN2!T[PP1,I[PP2)

(Akp:(¢$l ALP I - -

1( PP3 -*C_LP*C JLP I 1( 1,o2

1['PPit-" IENP 1_ 1[NF ; .......

FA_:TEI_P3e I- XHA 112 )_.ONZeT_PP_*o_VHj T (2)_)OHZ -_HJT i3)eOPY I )

k-Y_,,.T-_ P |" &*4stt&.3-i.l-)J',GIq_r-_-T [ )lP_t s ( .Yi4 L34k,l[ J).mtON )r,.--llJ4J..t-L,tJ m(U;IX__ * *

FA2:TEPP3e 4-)Pi 111 )e0_ToJ[NJT ¢ 2)eOPJI*TE)P_t i?HJl 111 )I)(}pT-YIN4'_ 1_) eOHX

"I) - --

)FCkObIND) G¢ TC 25

I(_PS-'XHJ, T I | )*Yl'_aT I| )eT(l_P*l .....

l(I*P&:XNJTI2)-YI. JT I_)oY(_vPe

'I_-P ._ ? _" -T k _ T 4.,1.& _T ( 14P U

FAX-'PJ:I-T(PP.1017_IPSePU]X*T_NP6ePV_X_'TE_P?_I:U3_)

IrA ?:p 3 _I-T[ PP ._e ¢ 1114FS*Pti | Y*_[_P6*Pu _Y* T |HP?*F_d 3T
FA2:PJ2-T(_P._el 1ENFSoPV | 2* T[NP6 ePi_2Z * TENPT sFk; 3Z 9

COklls_E .........

Fak=_ _.4T! 2)'YNJT(IgeTE_Pa_)eTE'_P3

r Ek_,-& a_-a 1;-4 _l--_N _4 |-;-L_-TEM P t )t lr._[MP )
lab"( -VHJII( _|aT[{qPq |*TE_O3
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_LS,

_I'9.

_23°

taZq.

_ZS.

_21b.

R27°

q29.

q. 30o

q32.

_,330

_35.

q36.

q37.

_38.

eel|.

e4,?..

qq. 3.

'4eq.

qeS.

C

C

C

F&CP: IEHP]_ I .eVe al-4 112 )-SL/*XM4 T I I ) -1EHP t414 S b4y_ aTt 2 )-SU*V_& I I | I ))

FACPCF:*Z.sPaCPo tTE_PqePACP*(THAT I_I4'Sk-YHa1| 1)eSUI/TEPP2)*TIrNP_s(

*-TEMP]+TEMPiXlYI-JT 1l)'*Ski+YkAT IZllSU))

|F 4PQRLY) GO 1'0 ._0

IE #P S-.: * SG H | y ,_S b 4 $ {1_ PA, _U" ¢ GH | P l .* S V,*¢ C F_/

FA CY:* TEMP 3 • IEHP am 1(NPS

I:& (_Y¢ T"-2. eP ICY q I T (14P_IP&CYe T(MP$ ?1(14P _ IeT _ lop 2 • T(_lP3eTE_pq

FACPCT-'*ZeeTE_P_'IP/CPePdCY-PACYeIYI'JI'( _|eSb*YFdT( I leSUI/TE_PZ*_:aCP

*4T (14P t. tT(_F2 - T( I_ _ ] eT(VPnIsSCH| Ye (- $_aCC)- :P4 £1.8SC},_,P )

(OktZ_(

CaL.CULAT( $It'ESLZP &NGLE &N O P&RTZJL$

?('/'Pl:12H,17! !)e$b*2HiTI2)sSU*ZHAT 1.1)oSV)/VK

JLFY:AS_N(1(PP_ )

I(PP2:|./I ¥R_C0_ IAklrY) I

F8 &--; EMP3 • t -.2HA T- I_.)_g,q_*ZHA T |.3 ) ,_OH ¥-T _ _P | e F.VNX ) _._

F8?:TEPP2*t-21_A713 leO_X*ZHATII)*Q_-TEPPZeF_R?)

F9 _:TEP_2e ¢-_,l_A T l| ),_Qe_Y*ZHATI2)V_O_x*T(PPIsF_IRZ)

JFINOk;NOl GC TC 3 _.

FO]I:Pgx-TEI_P;44ZI-Al( _)_PVIX+ZHa.TI? )_PM_X*ZhdTI._IePld3XI

FG¥:PffY-T(RP_e(ZI'A |( _|ePUIY,ZHITIZI4PM2Y'_(,dTf._/sPb_Y|

;6_--PEZ-T(_P;•I_kA*II I)_pUZZ*ZHATI _ lePU2Z*ZFAT L._]ePU3Z) ....

(OkTZkL(

FBk:TE_P2e_ZF_I f I_-TE_PI_VR_!

FB_,"T EPPZ _, t Z I" "T I ; ) -TEMP I*PVI_U I

FO _1*T EPI_2* 4 Zl.J ! I ._ ) *TEr'_ I_PYR¥ )

l:0CP-'lE_p2el cWe?I-A II2;-SUe?HATI |) )

_51.

,- -- x62 ........ | l-

_S_.
lISII.

_S6.

qST,

_Stl.

_99,

_60.

_6_. C

e63. C

e64.

_6S,

_66.

_6_ •

_69 *

_;7Q.

q?l.

v,72.

_7q. 2_;C

-- q75. ll£

e76.

- _77. - -

_78,

•.:-? _.

_80,

_81, - "

_S2.

- _8],

_8_ • C

_2"-,.

_C6(;PCF:I'&NIALFY lePOGP*P61_ -TEHP2oIZHAT Ills$_i+ZI-JLT 12)85U)

]FIPOkLT) EO TQ ]1

;0¢¥:TE.NP20(*CCF;ReI¢CHIYeISVO$CH;F*SUeCCHIP)*._YeSCNJY))

FOCY¢_:TANIALFY )4P0CYePgCY-T[l_P_e!2HIT I1 )4_-_*Z}'_ITI 2)sSb+ZHJT( •)eSv

!

FBCPC?:TANIALFy )ePECPePECY-TEMPZeCCH_Y_IXHJT( I )eS_+_HATI _,)sSU)

COIvTI _k£

((LT(:C,

{NSE_E *C_"

(ACELE'C.

CI40ELE :_,

FCaOH:C.

FCEOM:C,

FCl'0_ :C,,

F_RTIPL OF AERG

cg:S( |TNRteQ

|Ir|.NCT,¥1$C) GC TC 110

COEFFICIENTS v..g.T STilE

CNQ:9,

(NALP:C,

( H _ : 0 J -- 1

CH_LP:G,

_(£00( q Z ) :C.

(Oht_kl.( - -

CN :CY¢C*CNSLP *AL ; .C KOEL_OOELTI[ +FN612Q

I(PP! :_:CNON. dll;P _FCk&H

FCNX'-T(NPIoP_x_CI_ILPtPAX*fPFN(JHePNI*FN_/QeFCX|t_Q

I_C P. T * I EHIIS_ e@-fLT-,_-k A k4z4P&y-_ { P _ NEH_@.I_lr--_'N _L/-G4_-; &Y-.A._ _._,

_-CkZ:I(_PItPPZ*¢kALPePAZeIP_NOHePkZ-FN_IQeFCZ! I_-q

FCNivz TE_P 1 oP _,v+¢ ,a LPeP4 M* ( -FN 81Qe _;Cid ! / __Q

FCkUOI(NPIsPP_J*(:k&LPtPIU*t -FNO/QeFCuJI_.Q

_ChV: lEaP |eP_V+(kALP_P_V* I -IrN§tO* I:CV ) I _q

CA _.G&G +G&ak, o *6k; ,_G,IGE l_E_OE'k T|.*l r 161 SQ.--
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,86.

q88.
q89.
190,

_92,
_93.
_9q.

Q9So
496,

U98.
1199.

SOO.

SCI.
$02.

.... §O],
50_.

S0S.

SO6.
SG7,
SGS.

.... SGg. ....

SIC.

52_.
----_t-2 •

S13.

SIS.

516,

517.

Slg,
52G,-
52).

S22.

$25.

S2t.

527.
-- S28. "

S2q.

531.

S32.

$33.
S3a,

$35.

• 537.

--- 538o--
S39,

S_0.

.t-___ .
Sq3,

Sq5.
..... S_6.

S_7.

Sit9.
SSO.
SS1.

S52.
55. • .

--55" :

I[_P| :FCAOM,JLPtFC JIM
FCAX-- 1[_P ] _P_ Xe (JALPtP&X* tPFASHeP_)*F JEIGeFCX I/SO

FCIy-1FMP1eP_Y+CI&LPePIy41PP&0HSP_?-FAelOtFCy )150

FCAZ:11[NPI_PI, Z.bCJiALPsPA_*tPIr&eHePI.I;_-F|E/QaFCZ) y_O
FC&k-'1[MPI*O_b*(JALp*P&W+( *_A[/QIGCwII_G
F; iW=-IF.MP | sPl_u* (- JAi.PtP&U* 4 ......... • 18/G" FCUJ/,$Q

rCAV: 1EMP 1+P _'V* ( 3ALPUP&V* ( oraelq,;¢v I / -¢o

'*lSCOtS DRIG CORRECTIONS _HEN _IC_ G7 IO.Q
SR[YNC:SQRTI I;(Yk C)

IFA.NCI.¥1$C) GC 1C 6C
(;ll, k-SPtI-IkI[ I 16,X_, 18, IO,XMICH,VlI[RCP,,¢ I, 19 | ,VAIl;C, V IF..ROP....,, V'.(J;_,2,- .

+_SS19+VJ+',vlcI+VC)

FII_T|II.. OF" CCNTI_uI.I" PL0V CO(FF;C|(NT$ Id.R.T SliT[

e "

4LFHI:JLP*RI[
(&Gr:JCICF+f_CACF*CC&CFe+ILPHAIoILPI. II

I[PPJ: ¥&tROt I I I * ( '_A(POD I ;_)*VA(_[)C I _ le ILPH J IQ tL ;HA
_[ P_2 :SCAC F * ; e* ( ( ACF tAL PHi

FCACF):T[@_P] epHJ *TI[Mp?ePt_tI_&_
I:CACF_:T[MP]_PM?+T|_F_P&¥m)RIO

F¢ ACF _: tEMF 1 ePM 2 +t (MP 2,uP IZeR IC
-- _ _GF k : T[_Pl 4PMb *T EM_ _lP&_aRl0

FCICFL : tES_l _PHt *I (_2*P IU*RIO

CNCIr=JCNCF+(eCHCF+CChCF*ILPNI le_LPbj
l(PP| :v6ERDD I** I + IV _l('ROO 15 ).*v&q[RDO I_ |,,ILPNA ; e&L FbA
IE _P_ :BCNCF" ; ,+CCN CF*ILPHa

FChCF ) r. T[ _,._I *_ ) '+T E_P 2e_ a x_n aO
FCNCF_:T[MP|IPHY'm;_MF2ePIYeRAfl
;G kGF_-: TE _P 14PM ;_+I' [x_ _.,up i _ sq 40

FCkCF b :T[ MP 14PMk _T [MF 2ttP lW*_iO
- FC hCF t : T( Mp I I(_ML ,T _#p 2,p lUl_iO .....

GCPdCFV-'TEMP I ePM k 4 T[MPZePIVeRA_

C
CMCF : JCNC_* + ( I_¢M C F _* (C:MCF $ _lt.PHA ) eAL P_ J

1,E_P-]F._-VAI_RDD I-7-_* IV &[-ROD-I-I_ )+*V&I_ROD 1.5 |a&l.pJ4L.;s&J_pJ_*
1[_P2:8CHCF+ 2.eCC_CFe&LPHI
_C_¢F )=T(_#| xp@+_ *T(MP2aPIIsRIO

FCVCF 1 :T[_P| ePM _ +T EMF 2eP AYeR&0
FC PCF _ :T( MP 1 _;PM_ * T iMP2*P Izen iO .....
Fever k : T(MPt ,IFMU *Tt.P2mP IV+RiO

;(; I_GIr4,: _(. Mp 1-41: Mb._TIMP ;_a,e l UsR iO
FCMCF V:T(MP! +PnV +T[MP2IPIV*RaO

C

C F&_TTiL OF _¢L[CkL/R FL0_ C0[FF;CIEkTS V.R.T SLIT(

CAVF:JCAMr + ¢ ECA PF+ CCAMF •ILPN& I etL P_l

_.( ¢i; i-._i R00-! |O.4. * t..V4J[ ROOJ. ;4 -) *V I(R O-P,,._ i* ik._kk.L_ at-P Hi--

7[@*P2 :BCAMF,+ ;..C CA p_rmlLp),i
- FCaPir 1 :T(MF 1 ePM),_T iMP 2eP IX_A lO

FCJ#_i r _-'TEMFI tP M T+*T [@*p2eP4 VIRAO
GCAMF2zT(MPI IPlq2,_T(MP2tPAZ*RA( __

G¢ JMF k : T[ MP | 4pIq b 4 T [Mp 2eP I UeR AO
CCAJqr_MP l s Pl+l,..-*_ |Hp ;)mlmP_JiUS RJO-
FcAIqFt:T[MPt_;:_ .TE;qP2ePIV_#AO

C
CNVF:_CNMF*(ECNPF_CCNMFe&LFH&IIIt. FFI

1[VPI:VA[ROO 113 I+l VA[ROO!lqI*VA(R_r I|S)OALF_A),kli.PI_&

?E l_P2 :BCNMF * ; ._ C_.NP@r _AL PH Jl
_:Ck_F*P._i_MG_II=Nw ,mTEMP2ePI_fmAAC -- • +

FChSF _ :TE_IP 1 ePm + ,t I[,p2tP IV,*R&C
FCKMF ].'T(MF 1 *lPM_ 4TE_P2_PIZ*RA0
FC _MF b : T[_qF 1 _IFMh +T [_P?eP lVsR&_

FC &NF @." _F.HI: | _PNL' +I E_P _P &U_R A_
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57].
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$77.
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S8¢o
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S86.

-----$8-7.

S811.
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590. C

S91.
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$9q.
$95o

596.

S97. G

S98.
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-- 6GI.
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6G],
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606.
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608,

6Oq.
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6:'5.
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FCeWl r3:TC_Ft ,PMX4TEMP2sPII_eRIC
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"" " FGRN4-$ t-_GX ,a.-_,t.Ca_l-_,lgX,Ai2,l.ax., a_.S-;-Sv_

;(IURk

ENC

G-I!6



11
2.

3.
(4,

6.

7,

8,

9,
IC*

12.

13,

IS,

16,

16.

...... lg, - -

ZI,

SUEROLI'IN( CJERCIAE_O,,XI_aC_,aLPNA,eETa,,DINE[.,DCLTBD!

C;MEN$10N *.(EO( I )_,kECl6|

[|MANSION CJ&elE; _1 vONBI6,2)tC_BIE,;),C_B¢6,_) tGXSIE*2),CL0(6,Z),
*(¢_,21

•;OP#Gk#a( RC,/k1.Ak F ! ;)-,NT |[ Ta..t3-! wNTI" JCH-.,,.IJIa.P I.--t-:l,..4_GE T A LI,L-,_.I_----

'1TMiCHI;8 I ,CA II |.c ,1 1,6 |tCNA(|S,11,E),CMI(lS tilt 6) tOTE |l.ct||,6 I,
_(XJ(1c.,11,61 ,CLJtlf. t11,61

CALL $£ARCHI XMaCF,11qACH,NT_ACHoItq;,IM21

CALL aEARCH(ILPI_, IALPH(|vJI,NTALf_I|I_|II, ;a;_l ....
CALL t.EaRCl-le'ETJtT|t[Ti(|,2),hTB(Tlil2),]Blt ]S2)

Ck-_L--_ _,Xt_RtG )8 r G,I&--v;-a_-T_ A _ ,AI, PNA ,-t a L.P_ 441-rT-C-_-Z-N-l_3J

CALL |hTrRICI_B,CIk&,ZAI,IA2tALPHA,TJLPHIIt| I,IFI1,IM2I

CaLL ]hT[RICPI_I,CPAv]'A],/IA2rALPHAeTALPI'(II,| ),J_)e_M2)

CALL |I'.T(RIC_B,C1a_|BI,,|E2,B(TA,T_ETal 1,2) ,]_I,_M2I
CALl,; ]kTER IC)e, CXa _Z81 _ IB2,BETA,TBETa I 1_2) , ]MI , I_2)

CaLL IIkT(RICLB,CLA,ZBIe|B2,B(TA,TE(TAIIe2| _|M]_]I'I2!
linE-( 14-1 ;-1-_

_(C 12 I:01NBD

• kEl_13l:0;NBO,_01kE0 -- -

•l,(Cl_ ):90UIB(

...... _E£ IS I:OOUIB [*oOLTEO
::'2.

2. • .

; --. 25.- --

1 2.7, -
:. 28.

--; 39-

; 3C,
; 31.
; 32.

; - 33.

36,

37.

38,
1 39.

qO.

_11¢,

l _S.
q6.

_ 1 ,,---- ¢

SO.

51.
1 52.

I .... 5.1.- -

l 5q*
1 SS.

k£C(6 I:OINED*OOLIBC

£.(_--u,--4-= _l• k

£0 q, .,:1,2
(1J ,.,J ) :0, _ -

[0 5 ,:1,2

CO 5 1:|_6
CI I,_JI:CII,JI*v(C(l)*CaO(l,./)

( t-; _-,_4 " Ci _ ,,J I *¥ (- C i._JSCN_-( |-9,J_

CI ],_J I:CI 3,.,I )*V E C t IIeC_B(I,,JI
C I q_,,,,I I:C( _.,J I+V(¢ I ] )eC¥_ I I ,,.ll

Cl 5,Jl:ClS,,J I+VECl II*CXBII,_JI
S CI6_,,JI:CIE,JIeVECC |)"C1.8(T,.11

]It (X_tCH.LI.lWACI-(]I! GO TO '7
/F ( XM a _H ..G;.../M_t-4; F (.ktl, I ACHJ ! GO-- TO- t) --

CX :_,,

JFI|pIJ._I[.,]PI;) C:_= IXI_ACI,.I-TI'tCHI |M| ii/i 1M,llCl. I|P2 )-TMACHI_I_,| l)
!:0 6 ]:1,6

15 J(;OI ||:C(I,I)*(C{],2)'CIT,IIItOX
I;( 1URt,

I CO 8--_-1,6

J(_CI]):Cll,l)
I;( Tugl_

5 [0 1FI _"_, , 6
IC _CgoI I):ClI,;)

;£ TUR_

EUEI;OL I]'NE SEaR (F ( aN6, IAg,/k ,/J, _B I
[.| I,Ir N $1ON IAE(II

I(PP -" / _1_- T A_ I1)

L0 1 ):2,N
1(Ppl :aNG-Tae II !

-.- )FIT(PFeTE_,PIeLE.C,) GO TO 2

I[P_=IE_'P !
i CO_, lieU(

G-ZZ7



57,

58,

$9.

60,

63.

6S.

66,

1 67,
| 68.

69.
7G_

71,

; 72,

; 72,

; 75.
; 76,

77,

- 78,

fir I JN_;t.f'; tJefl } ! iJ:l ....
]F/AN(_,GE,|AeqN) } |i=N

]8:IA

i;( TUR I_

IA:I-I
JS:I

;ETUR_ .......

._USROLTZNE ZP*tE;IA,C,I_t].IJ2_.tNG_TJp4.Jclw|C2)
CI/'_N _.ION A16,2 ] IC IlS,| |,6 I_T&EA(1)

CO 2 I:1,6

Eg.--F-.r; I G1_;._--

1,=_*1
]FIICIsEQ,IC;,AhC,]C1,NE,1 ) N:)_*!

I(/'P:CI.J,IAI t;)

1EPPI:CId_IA;,| I

]F(_IJe_'Q.;A;} _ TO 1

1EI,4_-s-TE_'I_* tT E_P- |-_ EN_ I-_'-4-Ta 8 6 4-:[ _ _ ) - 1 AEA _ I,-_.la_.-&kr_.-.,T a.G&..4; A4-iJ-
J( |,/( _:TEP'P
(OkT_k_E

;_7URk

ENE,

G-lIB



_e

,!o C
3, G

*l, C
-S-r------g

6. 0

7. C
8. (

ICo C

12,

l],,

IS,

1 16,

III,

-- Ag.

20.

2),.

) 22.

-- 2S.

SU6RgLIINE CV|PCLIkl,N2eT,YI,_I,Y2,Ag)

(VALLaT($ P]ICF AkO YAW ATT]TUO( FOLVkOMIaL$

kJ : ORC[_ CF POLYNOmiaL IN Jl

k; .... -,_.-g_(EF_-OF-PCkYNOPl_-41_---4 i

1 : Z_[EF_NO(NT ¥aRIiBLE ]N ;OLYkCMIJLS
_1 : D[FEhOENT YARIABL[ (VALUJT(O gY a| PQLYNC_rAL AT T

Jl : CCERF]CI(NTS OF POLV_OeIJL 1

_g : 0EF(_OENT ¥aR;&BL( EVALUATED 8Y J; POLYNOMIAL AT t
a2 : CCEFFICZEN1$ OF POLT_O_IJL 2

(II'(N_. ION AI II0I,_A;IIO)

_:kJ.* !
_I:AI (P)

[O 1 |'I,N|
,,.-" P" I

J -t l.-_&_l.-J'* V 1_---.--.-- ----

P: 1_2. I

]lr (N2,F0.0) I;l[ltl;N

(0 _ ]:I,N_

G- 19"



Ie
2.

],

-4. (:

6. C

7.
8.

9.

10.

.CU6ROLITN( CCPLCF

CHARAC1[Ro IZ riLE

(HaRACTE_o36 FILCES

CHARACT[RI6 ]_AtZ )tkB
COPY--_/4- LOGZGAE--EN_T- 8- TQ E.|ST--G-]R,E.-4; T_ID--$_Ir_---

LN|T E Z$ FRC_ STAREC PROGRAM 0UTPLT

COP_OE tGCC/ERA FI. t LOU T, riEN ANO

C|PEN-¢ION wOg0! J;9)
CATa FILE 1121- I

CATA FJLD(SI._SHP/$1lt( CAS(

12. CALL CCUT(" ',1l

13e CALL £0UT('SELECT CN( OF TI_E IrOLLOEING',.XOI
lqe CALL ECUT I '_]- tER_I kATE e t 12 )

l_; CtLL ECUTI'I-_RXIE ON A LZST-OZRECTEO FILE's3|!

Lb* CALL ;OATA_I |,ZCCP,_IZ)
_7. |1" t-|{{P- TG'yr_-wG;_E0P-_L-] _ )-GO-TQ- l

18. ]F(ICCF .[G. (_) ;I[1URN
19, ;E:,, INC 9

ZO. c0hTRL :0.

Z|e k(XT: 1

Z2. _VR:|29
;l-]l. C#l,4r--; GUT !-_---t _L-4

Z4, CALL L_SWs_ (f'rLr. tFrLOCSocoNrRLt,qMRo111

;_§, ;_ I;(AO|$t_[RR=|C_[EC= ]O ) NA,_ORO,N8
_6e ]FINA(|IeLrQ-_:I'_'(_CPRT) GQ TQ 10

27, CALL LOMRZTIF_LEt2_CONTRL,N(XTtiIOR(,S_7)
ZS. EO 10 2

-_g. _r--Ga kk-kGGl=O S_lr lie _tN EXT )

JOe CALL _CUTI'TkE FCLLOMING LIST-OIREcT(O FILE dis

]1. * ETE_. _ ,591
3Z* CALL (_CU_(F_L(, |;I

3]. CAkL Ik&[T (9(_0)
3.. EO TO 1

36* CALL GC',JT("t ERRCR _R_TXNG LOF _'t2|l

37e, CALL ;_AIT I8(:OO )
35. _0 T0 J

39, ENC

SUCCESSFULLY CO_PL

G-I_O



Ii

2.

-&.

6. (

7,
8,, C

9.

2C,

) l.-.

J2.
13.

lq. Z

1S.
16. C

1'7.
18. .1

.19,
2C,

...LIBROLI]NI[ 081N_ I,I, t_R.,.[M,,|N)
(OI'P ] L [_ ! aRGC_K : CF F !

(OMNOk,eCCC/G _aPw ,d (,DEM_tklO

¢O_HOkISBLGClX/HLCC_IISDO I
r,-.ZI, (N._ .; ©_ ,_44)

C£FZN( IrZL[ _tb.CeIEOC,U,_NOUW!

]IrI|M,GT,O) I;(ACIS'NR,$'Rt_--2) BLOCK

|P:IAE$(|_)
•-.: l;

[O 2 ]:TP,]N

1(. J--I_LOCK (Z J
i;( l'lal_ k

FORMAII2Xt '(_l_01:
STCP -
ENC

Ik REe'OI'NG R(COI_C NO.',16l

G-121



C

C

C
C

C
C

C

C -

C
C

¢
C

C
C
C

C

C

36. C
37. C

38. C
39, C

-4-3. • ¢

_2. C

_3. C

.S, C

_6. C

_8, C
_9, C

5C. C
SI. ¢

52, C

-S] - - C-

S_l. C
SS. C

5:..
57. C

S8,- C
59. C

6G,

61. C
6-,1.v---- C

6.1. C

be. C
6S. C
66. ¢

67. C

ka,,------- ;;

! / NC / tEE /

? / tf$ / _(S i
S / NO / &0 I

/ YE. c / _0 t

/I!1//11/I/1111t1111/t/I/Ii

XE_I_ " (tROIS IN_IC_TOR. _ORMJL R_TURh ;;HEN KERR'-C
ERROR R_LRN I,HEN KERR:_

HNOP : NCMZNAL ST(IS SIZE

N6K : TF_ FIRST gORO OF 4 8LOCX CF STORIG[ _ZtN l'e;({I)

Sl_t_TIhG IN iN (VEN LCCAT ION _,0 -
- --NEt(l|) : CURRENT ST(I s SIZE ........

_;S_(t2! : hOT USE_

H§K(]) " |NOEPENOENT VARI _@L( _N S_NGL(
_:RECISICk t_tST EE ;RESET)

xl_l(l_) : _OT USEC
N_KI_) 1,0 _ONI_X(C*_II : DEF(_CENT VIgIaOLES

NEK IMX(Q*_I TO NON IISPX(Q ,U) : D(RIVATTQE _.

OLK : T_( FIRST vOnO OF Ji 8tOC_ CF StOgaGr thai, uUST 9[

I:¢UI1/&LJ[NT TO HOK4_eNI(Q*SI ie,_ _uST NJIV( T'.iCJ

O Jl4_NS]ONS--4 NX(Q vkb.t- Vt*ER-(--_L---}S--giF_kE g---e( Gg_r-----
IkOICaTOg FOR THE T_fP( OF INTEC-RaTTON TO 9( USED

]IYP:|v VARIAGL( ST(P AOAIS$-_CULTQN

|1¥P-'2_ F_f(O ST(F RUkGE-_I,/Ta

I1YP:]i F_X(0 ST(F _*Ga_S ;R(CICTOR ¢Nl.Y
(_N (XT(_NAL CNAN(( OF HNCP CJ_S(S l R(STIRT l

;i. " T F_ - vs R4 a 8 k (-- O | 14(-I_81 g k-_ S-£-_ K-U* x I_-_&._.-_L---------_

LL-'$ _lN(N ZTYP : 2
kL : 3*(_*2) .l; VI-EN ITYP : I cg ]

I._ THE CRo(R OF THE OZFFEREhCES USEC
(_,P - UFPER L|NIT FOR S1['P SIZE (ONIROL
ELO : LCMER LZNIT FOR S1(P _.IZ( CON1,S:OL

0-7_ _=--_ axZ_U_L, s'*rt,'P--S;-Z(-A_.i. C_£O.

-ITYF :

G-122



6q. C

7G. ¢

71. C
7,_. C

73. C

-?'q--_ C
7S. C

"/Ib. ¢
7T. C

7t. C

79. C

80. C

81. C

83. C

eq-- - ¢
8S.

81k _

81'.
8|.

119.

90,.

91.
-ga _.

V3.
9_.

9S.

9A*
97. C

-98..
99.

IOC. C

101.
102,. C

It;. C
11]_,

105, C

I06o [0 TO qOO
10'7. _C; CO_.T Z ht:E

lOI. I'X ( C= I' X(:

105, hSCT:_iCT
11_ ......... IqP :NP.

111.

112,

- - IIS, -

116.

-- tit7,- -
118.

11q.

120.
.... 121, ---

01wP, : MINIMUM STEP STZ[ aLLCMED

YLO : Tt.E SN4LLEST vaL_E OF A O'[FEkCfNT VAR,IAgL_" TNaT

ruJLL a'FIrEcT THE ALTOIqJTIC '_Tt"F $Z2[ LOGIC
NCT_6= TFE NUMB(; OF" TRIEGERS TO FOLkCU

T_( N&XINUM NO OF TRIGGER. _ I$ SET AT 11

_ ;n-_-=---_u&-- eR N ;NUS 6N - INTEGER _- 01_--_

PLUS SIGN WEANS T;IGGER I _. ON
N|NUS SiGh MEANS TRIGEER ],c OFF

IET[G[E 1 ZNOICATES NC O]SCONT]NUITY IFTE;

ExECuTInG TF[ T;;IGEER ROUTIkE
IETEG[R 2 INOI£,tTES J DISCCNT|EUITY &N0 FC_CE5

-- k-REST aRt---

RT- : [_TRY POII_T OF TI, E TR]GG[; IKIERRUPT I;OUT]NE

VAR- : NAN( OF T_( VARZJIBt.[ EEZNC T(C.T_;0

ZV o -" ]'FE vALUE OF VJR AT WI-ZCH IH( 1RIGGER TNTERRUPT
RcUlZNE IS TO 9( (x(Ct.T£D

(O_MO_/CCC/GK aP_ ,,JC,DEMAND
r.O I_MO _..(MOO _1 AGO ¢ _O.] .ilCGA.IO )

(OPPO_ /OESI/

* KRi|Iv NPX_ NEQo NOL0_ M, MP|t MF;t NN_ KZkO, KCNt
IFL, hTI;G, I_ZbT, NOVT, NTIP,NSTART,NBC]F, NNT,_ NTT,ZOL(I|I,

I(L2, ad£S_olOCO,.12OOO,.tqO00_.:lOOC, IRST, (CTT, k_, S_a,
* F"R r. Cl:t t i_ (0 CT, S IE I:NIG ,
t .. [_J..i | J _-_ [t,-_-__Hl,.X.___ JHIIqN_ ---YL ,--_ A ,,-.-J[N F-L_---...-.D._-.-._B ,_._-SI_P,

* $K, FC, [rLU, DUSC, HOLDt V_R, 2_, HM, I-P, P,

Q, CELl, HWU, FWU,CKIIOI,C_IIC)_XL.Ill)_ R_1111, k._111)
CoMMCP, /DES;/ T, TSV, TGO, T_IN, TRIP, TL_ TR

COBBLE PRECT_.IO_ - T, TSV, TGO_ 1]*IN, TR]F, TL, 1R

Lor_cJI.-_GTT_--$1'J• HI:,_ZRST, ERROR
LOGICAL SIEFN_

:II_EN_.|ON HG_¢I)_ ELK(MX[0,LL)

,-----------------C_IA.EJGII._£_I

_(RR:xERR

FN CM'_ I- hOM

[0 1ST IO:|,]OO]
IS; FEN(I( ):HBK ¢II:)

i_ _ I I ,1 ):8EK ( 1 m I ) -i

]TvP=|TYp

EUF=(LF

- EL G=ELG
122,

...... 123,

12q°
13S.

126,
- 127,

128,

12q,

13C.
13-1.

132,

133.
13_,

- 13S.

136,

CT_x:CINX

CT_N:[TNN

qLC:YLC
kO;=6.;kOTRS

_TRI:kTRI

kTR2_kTR2
kTR3:kTR_

kTR_kTRq

_TRS:_IR_
kT.R_k1R_

_TRT:_TR7

kTRB=kTRE
_TR9:_TR9

kTR|I::_TRIG

kT_]1:kTR1_

G-123



138,

13';,

I_°

1m$,
lq6°

l_ll.

1S0,

ISl.

ISZ.

15.I ,

156,

157.

IS8,

ISg, _CC
16C, ¢

161-,

16Z.

163°
lbq.

165,

166,
_4k 7.

168.
169.

--------+ _8.
171,

172,

17],

17_o

17S.

I77,

178.

179,

180,

183,

IS_*
1115.

IS6,

187,

189. ¢

19(_. - S(
191.

192. SJ

193, *

!?a

195.
-- - 196,

197, :_

...... 191. ¢ IkI1

19'}. C

201.

• 202.
203.

20_.

tAR2:'vlRZ
_AR3=tAR3

_AR._=_ JRS
tAR6:tJR6

_eA_3.".-te aR 7..........

_ARS=_llR8
_AI_q=tAR9

_A£1Q:vARIC

_AGll:Vagll
_Vl:Z_l

2V_:Zv5

_V6:ZV6
_¥T-Z',7

_YlC:/VlO

_VlI:2VII

lCgll)=i, ..........

JCGIZI:.5
1C¢13 ) :5. / 12 •
IC I_ { II 1-*]*/8.

iCe IS 1:251./72_,
ace I(; 1-'95.I_[I_.

leG|? 1=|9G87,/6C_8C.

;CC181:367_9,/12:960.
1¢C19)2107CQ 17. J._6;ASCQ*

18(: t1-( _zr2e7 (-75_-*8
ECcll 1:1.

_¢CIE J:',S
8C_13 I:-1.11_.

ECQ 1_ ):-L./2e,

EC(; IS 1:'19 .I 120.

£CC I 7 I :*86. _. _6(_0,

SeE]IS I;-275,/2_152,
ECc t9 ):-3395 ._./._2 _8C0.

£Cg 110 ):-. 785_S._,_2[-2

I_MX : I, xEo

kTRG : NOTAG

(UIII=(UP
F.L = ELO

FMX : C-TMX
FMA -.- CTMN

,*,b---_, _ --

IF INIRG ,LE, H_TRG) GO TO 52
eOg_*al (// 5;_ elxl_ NUMBER OF

_;q/S),lqNfiECCIqF ILE F_*IR )

_(gg : 1
K(TUnk.

(0_ _I_UE

IAkJZI1]ON

CJILCUL.tTE OELTA t SCALE FICTOR : CeSQ6[-?

['USC : I,O/TEVP

$TEPN_ : .FALSE.

IF (KERR .EO. ICC) STEPNG : ,TRUE.

_EA# : a
l,tR I 11 *f

TRIGGERS WI6L _kOL( IS

G-124



207.

208.

209.

21C.
211. ¢

213. C POlkl FOR ;;['START

21_. |C; FORNA1 (IIISF NI: :13t 21V - UNACC[I:TAOL E VJLU(I

21.5. 1(: FOK_"A1 I///?l- I11P :, I], llHNOT ILL0V(CI
216. )F (NF .EQ. ] .OR. NP .E(:. 2 .01;. _,P .E{. -_

217. ) _C TO ]C5

.... 218 ......... VRITE t.JO,IO;! _F

219.
22C •

221.
222.

223.

-- -- 22q.
225.

226.
--_27 •

22e.

22_;i
23C.

231_

232.
-'233.

23q.

_35:
236.

23?*

238.
--'2 J9 •

2qC,

2601.:

2642.
2q35

2q_.

--_q 5 •

2q6-

2471
2q8.
2490 C

25(].
---25 1.

2S2. C

1Grr ¢0k14_.¢ --

(0 5_ J: 1, PINTI;G
S_c ]OL I,J) : 0

FBH(I) = H_,0_,

kOLD : NNOI*

_ERR : i
;(l_Rk

1C _. iF (O(]I_0 .EO. i .CP. HIwC .(0. 2) G( 10

IF (K]kO .;'O. 3) EO 10 IU6
bRI;C (JO,102) _IH0

xERR : 1

;E: lUR*

; ,"e-- (OIrT 1t_UE .....
I_OLO : NAC1
I_(¢ : k,CT

(,ST : .FALSE.

kN = 5F-q
]F INF .GT. 7)

(O S T---_---w T RU(-,

kN -" NF
1C! iRS; : _FALSE_

(_0 TO 108

]_ITIAL|ZE FOR RUILEC-_(uTTA OR AOANS*I, OULTON ST&I_'r
X|N0 = I FOG 3OAIqS-NOULTON
H ! we- ---s-,,,-,Z.-Fe ;--;u_v 6E--x u 11 s

I_INO - ._ FCi; F_xED STEP ADAMS 0PEn FOFI_ULA

.OR. NP .EC. 6)

ZS3_

25q.

255:
256.

258.

259.
260.
201.,

262.

--,?_ .'.

2&q.
2&5,

266.

C

C

C
(

C

C

_0 TO (11.0. 112, llOl_ _I_0
¢ VARIAEt.E STEF AC_H.co_OULTON

11[ 1RIP : HOK(3)

1,- ILL- 10|/. _

PP2 : M'_2
COt_NTER FOR SWTI(NIN5 TO |-_ AFTER x,*? R-K STEPS

_8_ZI r : 0

C _ -FTXEO STEP S|ZE ;UhGE-KUTTA THRoUGI,.OUT
112 1RZP : BZG

I_SIARI = IC0

I. : 0

•"P-t ;_0
PP _,:0

LIS HOk :
C I_ON _S (0N1ROL FOR R-_ LOGZC CR J-_ _k HAIN LOOP
C

ERI;CR : .FALSE.

P"M4;-_----E--MP 1-4,_
CALL CP|R (FOK(]I tHOK(5)tH_KINf*X*_.)t_eKi2_kMXe_I_I_OK(_el_;_)_*5)_

•' eLK I 1, _) ,BLK ( i ,_P2*S ) ,BLK ( 1,2*_'F2'*5 ), _XEO,_l_P 2,
HOt(, ;'kOI _, NACT, ORL, CR2, ENOS,

NlPl, RT1, VARI, ?Vl, NT;;;, R'_2, vAR;, Z¥2,
NIR "_, RT_, VaR3, ZV3, NT;;4_ RTt;, V&R_ , 2¥a,

N1R7, RTT_, VAR7, 2VT, NTKE_ t;TE_ VARE, ZVEe

NIR9_ RTg_ vARgv _V9, NTG|O,RTIO,VaR|_vZV|C_
N 1R]I,RTZI,VaRI I ,_Vl ! !

267,
268.

271.
272.

273. C
27q. C TC R[STAPT
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.... 275.---- --- 1F I_;$Tb GC TC ](:G

276, C SU{_ROuTINE [NrEI;NAL ERnC:

277, IF" I[I:;OR) WER; : ]

27S. C
279. ]FIW_¢I),E_, ICQ) RE_n:IQQ

280. C Ill; I c. nESET I0 ;[;0 IN 0{SOLV INIIIAI. I?_TICN)

.... 28L.- _995 _E Iunl_
202. EN0
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le

2.

6.
7,

G.
q,

IG.

11.
12,

13,

1_.
t5,

16.

18,

2©,

21J
Z2.

-- 2S,

26,
27r

28,

3C,

31,

- 3].

.1S.
36.

)7,
38,

)9o

q.3,

_Tu

5C.

SI,
$2,

SS.
e_

S?.
$8,

$9.

6g,,
6].

63,
...... 6_*

65,

66,

67,

SUlYROLT_N( OI_|R (T(_TvOY,PY,¥t_,O(LZ,O(LY,O(LX, _-N_tLCR,

X H, I_NO_, t., D[R), Dr;_, E(S,

]I N1_|t R'rlt VAR| i _¥1o NT_o RT_v VARI;I 2_t
X NIR31 RT3v VAR3, 2V3v NTI;qo I;lelo V&gk, Z¥_,

N'/PT, RT?_ VJRT, 2V?, NTR_e RTS,, YJl;_v 2k_,
N_f_c;_ R1c;, VARg_ _Vg, NTI:]O,R1|Ot, v&R|C,Z_|G,

X N 11_II,R1Z,I ,¥IRI 1 t2Vl ! !
- (O_,p | L E R i ARG CI._K: (It F ! - _

COPMOI_ tCCC/GI;4PH ,,J C,DEHANO

E] ;'£N_.-_ eN-]C-4g-i-v--V INNN4 _r- OV tNNN_-v-- _r (N_-r---_N-4 kkk-_l
[ObBL( PRECI!I01_ F_r, Yk

r,ZP(NE'_0N C._'LXIhbNoLOR)_ C[L?INN_,eLOR)t DELZIk_N,,eLO'R)

(Ol_l_Ok I_OD 11 a¢O ( J'O I _8C01 ) _ )

4 KR(I),, NPX,,. NEO,, NOL[}v Mt PPII MF_t NN, KZE0t I_CN,

• ]FLt hTFG_ k|tT_ NDVTv kTRt_$TARTtNBc]Ire NNTe l_T1'e]OLl l])_

4

4

CCPMCk /OES;, _ T,

COt, BL [ PREC] ._TO I_ T,

LOG;CJL (OST, SPJ_ H_,
LO_|CIL S7[FNG

LOG | ;-J k--- 4) GD ,--R E ;;)-1

[.alA EIGII,oE_nl

EO 1'() 118

1CIII:ICI 1)
'_1 1):_(1l

_N(_) :'fN(1)

r£LZI ItJI:O(LZI I tJ )

[ELYI 1,1 )"_;[L'f ! ],l I

[[L,tl Z.I):CEL]II | .1 I
kNk"Nkk

LOR:LCR
k: I,,I

FNGI_=bkOM

kTR|:I_ IR1
kTR2:k TR2
/_TK3:_ TR3

kTRu=klRq

I_T R 5: _. IR5

kTI;6:_ 1R6
_TRT:I_ TR7

kTI;;8=& IR8

_TR9-'_TR9
I_T R 10 :htR 1C

_,T-_-_-t-.,: h-TR-t-1
_&RI:VaRI
_&R2:_SR2

'_A R 3:11aR3

VAR_=VaR_
_A_;S: I, JRS

1_A R-(_...t/AR 6

(R_ORoREOC_t_I(FNG,

[Ui|lv [L* H_Xt H_N_ YLt 4_ (NF|t Ot By _KP,
[Kv-_FG_-(_U_-_v-_L_r_-_._&_-._--;_._-_--k_`--.-+_--_-_-R_._

_. C[LT. H_U, FNUtCKIIQI,_CII(ItXL_(]1)_ Adlll), k_111)
TSV, TGO, ll_lNz TRI;:r TL, 1R

TSVt TGO, l_Ih, TRIF, TL, IR

IRSI, E'RROR

IC-

II

kAI; 7=k/,R7
_AR8=kAR8

_ARg=I_AR9

_AI; 10:¥AR

_,AK11:VAR
"v ,_, 1
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b9. 2V2:Z'v;
T(_. - _¥J:ZVJ

?I. ZVq:Z_q

7.2. ,'TVS:Z'v S

7]. 2VG:Z'_6
"7_.,- ,2.V-.?.:Z-V?

7S. _V 8:ZV'_

76. .Tyg:Zt$
77. 2VIO=Z¥1O

78.- - -- _v 11:_'vll

7q. l(r IRSI : .TRLE.

S G - ;E ;Vl;_
81. C

82. C _.(1 IklTIAL '_ALL(S OF STORAG( AREAS TO ZERO
8]. 118 CONTIkb(

e4. CO 11C Z:I r_Z

1 gS. FYIII:TII)
! s,_ !__£ _N_1..4L-'-... O.

eT. MO : .tgu(.

Re* _MA : .TRUE,
09. (:.0 TO (121g 12b, 1_1), NIl_O

9G.- C FOR A*P MUST zrRc CUT OIFIr(IIENC( Taet($

91. 121 CO 115 I:I,NNX

I g2. (9 ! :5--,;:1 ,_P2 .........

; 9!* CELXI It*J) : C*
; 9,1. CELTIItJ) : C*

; 9S. 125 CELZII,.J) : C.

96, J " "aCO|I*Pl )/gCC(l'P_)
97, 12e I.C : F

--- _98. C .................................

99. C 10 5[? UP |NCZC_IIOI; 9LOC_ FOR TRIGErRS TNA1 ARE 0EP[NOENT

1Or;. C (|CL : 11 Cg ]hCEPENCENT (ICL : C), JLSC CALCULATES THE"
IG1, C /_tff9(; CF E)C_-

102. k[_; : O

lO], IF (NIR6) I]I, 131, 128
_Oq .... 12! 1[_*P- IC (1)

105. TC t I I :-gIG

1(:6. -,J ._S : 2
107. Co 1-_C d:l ,_,r 5E

108. ]Otidl : 1
109, .N l:,J

---- IlC ......... _0 TO 80OG

111. c8 _AG:Va;
] 112. IFIvAI;.N(.-B]G! _C TC bC
t--l-;_._, C tH-t.9"--_NOICkTE4.1 - J- T-.'_-TOPT SINCE TII'-)---

l
1

1

1

)

]

1
!

1

llq* C

llS,
116.

117,
118.

:39-r

12C.

121,
122.
123,

12Q, C

126.

127, "-
128.

129, C
131]. C

13L.

132,
133.

13_. C
13S1 C

136.

1.17.

vAS SET (0UAL TO -EIG AT TI_E 8(GINI_ING OF 11-IS LOOP

kIVT : NIvT*I

]Ok Id I:G

6C cohTIkb(
)k,,(.l) : O.

r_ t-d_- ;- G,

12C "-dial : _.
]CII; : T[PP

131 1 : TCtl)
6; kO_lT : NTRG * NItT

._ER ;-v a, T | rE- S-.-_-T--T N¢.--CgR RI_N T-- T.T _ T

EO TO 1172, 1711, Nk
t.11 CALL- CERI ......

172 CALL 0(R2

EO TO ROUTINE" TQ GET THE CURRENT TP_N JNO IR_EG(R ROUTIN E
Ah0 khHBER _HAT _Cie'_ dlTH IT, ROLTINE IS aT lt'O0

- t C'OO-'-_- 1_

(O TO loot"

2G_ (Oh ;_kbE

EO TO [NO-QF-STEF CALCULATIONS, IF aNY
IF (ECST) CaLL (05
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138. {:ELL: : T

139. IF tilt" ,GT, CELLI OELU:HC
I_C. EELU : DUSC*EELL

1_1. £
lq2. C i_t,im qeeI_1,)emet mllk

--_'. C

Jq_. 312[ (OlkTI kLE
lqS. ]N0|S -- L)

1_,6. C lEST FOR CALCULAIICN ERROR

lu?. 3|C- ]F ITPIN * DELU .L1. T) GO TO grJoc
lqR. 1S " EABSIIM]h-1)

_OOP tttttttittitilitittltiltttiittttttillit!

-1-_9-T------3._-E.--]F-( T&-.G-T .,D_tr I. ;G¢- T G-'-._.SO-

ISC. C

ISI. C E)ECL, T( )NOEFEkO(I_1%AR|ABL[ TR;GGE_ #OUTINE
152. f,N1 "- hTT

153, ._CCO : 1

1sq. EO TO ,40 lID
--.lS§_----G ........... lEST FOR a [-] $CONTINUITY CAUSING +L RE$11Pl

XS6. 32C ]F IXI_CIS) ICe, 3;5, XCQ

157. C liFTER (XECt,;TING TRIGGE'R_ RE-C+tLC. t, Ev T_IN
1511. 32E ,.1(;1:0 : 2

lSg, EO 10 100(;
Z6C. 3_.C (0 10 31C

.... t6! .--- G ............
162, C [.,tLCULAT( L '_. F(I; EJC_ Y-$10P

163. 35C JF INCVT .,[O. O) f..O TO 380

|6q, IL : 1

16S. ..JSS : 3

166. C0 39S ,J:I ,_,T ;E

- t-----1611 ....... .141 :-,J
] )6B. 'iF IIELldl I .16(, '_T_.o 36_
1 |bg. 3E( £0 TO 8OO_

"t l 7 E-,---.------_ 6-S.--.-_,T R-sN-.t_.

] 171. _v:zv
] ]72. kAR:V&R

) 17]. )F (NT I;;) 375t ._?D ,+_TC

1-- 17qm .)TE )Lvi_J) : VAR - Z_ .....
) 175. IF IXL,. hJI ) 3'2S, ."T1 ,3TS

-- ] --1-7-(_,._4--.] 0 _-,r,_.4-=.&
l 177. E0 TO -1500

I 178, 37. = CONTINUE ....

1 179. C
l 18_. G l,G'vE CN( STEP FCRWAI;Ot METI40D DEPlaNES ON ;(ON

181. 38C f.0 1.0 ( SCCO , 6(OC ) , xO_

112r C
183. C lll:)a_S - I_¢ULTON COhIRCL LOGZC

- 1811. C

IllS. SDOC CDNT| P,U.r
-- 186. ..... IF IOIi!SIT-TEOI ,Glo OELU) GO TO S_4OC. - -

181. C POrE FORWaRO ONE MC STEP

: _.-... ..e SGG.-.=.- I
189. _O TO SSOG
19C.-- C GN RE lbRN FRCM aClPqS TEST FO'R STEP-SIZE FLaG

191. SO2C EO TO tSXO0, S2CC, S'_OOl,, ZFL
..... 19=. ..... G ..............

193. C _ORNilt RETbglk, LEAVE STEP SZZE ALCNE

!9._ =___e.C ¢g I_T_ k.t,;.( .....

195. 1F (SIEPNG) EC 1C 5150

CELU : T

IF I1_( .GT, CELL! OELU:)4C
CELt, : 0USCeCELL

....... 196. .... S_CS 1GC : T

197.
- 198.

19q.
20_ _

201. C

..... 202. C
203. C

-- 20_.

205.
20*:

aT EN( OF FIRST kC aFTER Sk|TCHING TO aDAmS HCCE,+ TEST HC TO SEE

]F ]N]TIAL STEP kA$ TOO B|G. IF SC RETURN COE|ROL TC Eft,LINE FROG

S_1C FORPIT [/I_2F IEII|AL STEP S_ZE CF, JFE_2.!,
_7F _aS REEN CUT TO, EI_.S)

_r.._.._T_PN.F.___.EALS E.........................................
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207.

Z08. C

20q.

21C,,
211.

-- 212.---- C

21]. C
21q. ¢

215. _2(C )'¢ : ).¢IZ.C
716. J : HC

217o C

[F IHC .GE. I-SWICHI G0 TO 5|0_

.CTEP I. AS OEEh ELI CO_dN

=,RITE qJO,ElIC) H':VICH, _(

CO 7{: 099{_

;lEE +IL -.-,L. ST(,' SIZE,.0 cQ.oi,Io.s
_(GZNhI/_G CF ._TEP. CZFFERENcE T/,ELES PUST 8£ REGENERaT(0 FOR . HE/2.

_18...-.--____+LSZNG-CIFrERENC(. ¢ IN OEL.;( ¢ET (H+ll Q(AIVAITVC'_.B'zCK PROP. TH['_ . +

219, C IZME akO $TQI=E %IS rELZ. IOELX STCPAGE 0E':TRo_r_'0)

22Q. CO _.2_C I:!,NEC
! 221. (0 S2IE ,J:l ,xP ]

; 222. ;'N: MF;-J
E 22]. C(LZI I,J):_ELX! 1,1 I

;. ------22q ....... E0 5211; K:I ,_11
] 225. I:;'11" f.ELXl |,K) : (EL)If,X) - 0_'LXIZ,K+I)

J 226+ 522 £ (EL21,1._P2) : OELXlI+|]

" ; :2 ? r---E-- ....
J Z2|, C LSZNG TH(SF. r'ER|vAT1[VE$ [N 0ELZ ANE 0Eg'[VA1]VF5 AT SIEF$ HALF iAY

] 229. C EElUE(k TNESE tkl. l(H IRE CALCULATED USING E/,Gl(bAI;O 0|FFEGE_CE
) 23G. C |NIERFCLATZ0_I+ .(ET uP A ?JeLl[ OF lie*Z) 8SOl( (:ER|VliTIVE_

J 23|e E LS|NG HC]2 a&O .c7OI;E ]'N OELY +

23,1. FN:M
Z3:_. FX ;:-l-+;' _-t

23q. C CILC. Ip..,,t ) FacTORIAL

235. FKW,_I: l.O ..............
236. CO 52._C J'2 .,"P !

] + 237, Fj-,j .......

1 238. 5:_3C FF ImPt :FFNP |'_F J

Zq_. COn: .FALS(.

1 2qZ. IF tCCOI GC TC 5;5C
] Zq3_ C --

| ;_q- C USE ? 00T F1;OI'I CELZ tN:_2e_,-°-I

! 2q6, (0 52eC Z'I,._(G

; -- 2q7_ 5_llC £ELY I_NH| : 0ELZt_.NNMt
] 2qll. EO T0 _.27C
1 Z_9, C

l 250. C CALC. Y OCl HJLF Ua'f OETVEEN IN:tg._S, ---!

t 252,. FH_:-FE/2 .C

I • 2S3, FNr, O: l, +

] 2511, CO 52_.5 J-t ,_Pt
- 25S. "- FJ :_,/

•:' 256. 52_ FROO : PROO'_'IF_'Iu+Ir.,)
--; _ST.. C C-Jk._,---_-Ag I

i 258. CO 52(5 l:l,_EC

; - - 2S9o aX : ;_OOt'Fr_,_l

26Q, _.UP : INeO(L2¢[,I)

_. 262, CO S21_Q _:2,PP 2

-_ Zbq,, IK:-AFItPIqL*FKI.'IF_'U+FK+i.) • LFNP|-FK )/(FI_+|.)

._ - 2bS. §26E _.UP : SUN_ Al_e0ELZl|.._|
; 266+ 5265 ['ELY I|+N_) -." SLP

26-7 • G

1 250, SZ?C ¢0C : .NOr. CCO
-- l.--------;_. • C .............

] 27Q. C e,Ok HIvE Im+ I ] PJC¢ ctmtvJ'rzv(s Jt "c,'; sA_,(o _, OZL_ -- -
Z 271. C r.E-GE_,ER&TE _,Et* EACKb*'RO OJFIrERENCE TABLES ]N ErLX

272. _t:_P;

273. 527- _ CO 528(] r:Z,N(¢

l 2711. lPl " (:;EL_IZ ,xl)
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; 276. 1P;:TrZ

277. 1p I:T_ I-0(LX 4I,l( )
; 2TS. $28(CELXlI,K) : ;P2

279. _I:KI -1

28C. ]FIK|) 528c., c.38S, $27S

....... 2et,--- C- ----
262. C fO ;0 INTEGRIT[ CNE AOANS ST(P AGAIN b|TH FJLK Tl.t( SIEr .c12_.
28]. C .C[TT]hG ,_SC. CO:l FOPC[S RETURN TO STATE_'[.N1 5Q2C_

385. EO T0 5500

266, C
28?. C .rTEP SIZE 15 SHILL. RR(PARE TO DOUoL[ HE,

288, S3GG )-O ; .F&LSF..

28_, FMFI : MP1
39C. IR | P---.--T----.F" _,F 1. aI.G

291e kSIAR1 - -1

293, ¢ ........

293e C
29_. G I'OV( CELX TO 0EL2-JNO USING THE O|IrF[RENCE$ FRO_ HERE GET THE

295. C _.1 BaCK D(R1VAIIVES AN0 SAVE TH(P' IN CELT

_9 b,,,-- C
297* C ((LIT-HCI,ee_ : 0[LITIeeR - D(LfTI_eIR4|)

290, - [0 531_; I=1, N(C

! 299, LO S._IC K:I, P'F2

; -- 300, -- S3|G ([LZlI,K) "- _[kXl| vl(I ......
301, C

--: 303. C

303. C0 53t-C I:1 , NE_

J - 304, .- £0 S._3O V=|_ _F.I .......
30S, I'M : PP2 - J

; 306. C[L_tI,J) = CEI,.i¢ItII
i 301. (0 5.1-10 K-'It Mle

_-----------_Oe,,-----&44r,--G8 ;2-14-,.x l-_.l_._.; ;-.,_.4 -O ( L Z 4 ; ,.4( * ;-L-----.-_

J 309. S3.tf LEL_ I],MP_) : [EL21I,I)

l ;IO. G - -
311, EO TO 5100

-- - 312o - C-

31_.
31:.

31S.
316,

317.

- - 318.
31q.

_-4-.---.._-3_ _n:

1 321o
1 3230

323.

22q*
325,,

C
___C_r !r--IT._IN.-.rI.£.,_--_-1.GG.-0EbU,)4 - G0--TO--_U3G

C aLL T-STOPS IN I1. I$ ST(P _SV( BEfl_ EXECUT(C

C -_[1 CC/_OZT]OES B/CX 10 TS0

: TGC

1Ci1):1
[0 5_iC I:l ,N((

1_-],4.-_ Jy IIJ-

Sql[ (YIII : OELx(It II
C

IF" IREDOT) _0 1C c.u2S

TO 10 IS_i_,.cqlSl, Nh
Sq| c. CALL C(R1

32t_------$_ i-k--(A _._r- r, Eg2
32T. I;E_0T : .TRUE.

328. 5_2 c. IF" ((CST) CILL. E0S

329. IFIKR(II,NE.[) EC 10 u91C

33G. iO TO 61G_;
331, C

.-332,------G .... ]NIERFGLATF. FOR COkOXTXONS _T TM_N ..........

333,, S,3C 1 : TPIN

33_, 1Ctl;:1
335. .7rCO : I

336. £O TO 70_C
33T. 5_.E CO TO 610_

3380- .... C ....

339. C USE Rt./',I_E-_uTT_ IHIS STEP

SilO. C CALCLLAT[ S1[P $12_ TO USE
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3_2.

]q],

3_S.

jw,?, _E_ I:l ----' -1'

3_8.

3_91
350. C

]SI. ¢

3S2,
- --35 3 .'"

]$4. C

355. C

356. ¢ FLJG ;OLTIN(

1

--11 ,,

I

I

I

!

i

[T:H

IF ITS,t.T,OI) 0T:IS
.2C3130 : i

£0 TO 2000

5nlc IGC : I

IF 114¢ .GT. CELL) DELU:HC
C_LU : OUSC*C[LL

_0 TO ENO-0F-STEF

IF IF'CST) C.ILL EO]

J_.1.14_-_ ! I _ NE'T. f4.-+G6-- ;O--q@t 0 ......
I($[ FOR ANY Y*.ctOFS IN T141S STEP

357,

3S8.
J=':..

360.
]61,

362.

_6q.

]:, :-.
366 •
)b7,

]68.

369w

37C.

61CC CO_;]hb( ....

lOk2 : 0

| F--+-N.E V-T,F-- - 6 .I GS ,r--:_ C-_-_- @1-(3S
61CS ..JSS : q

FLkG TRIGGER c. T),IT _lavE )4t0 A CHINEE OF S|£N IN THIS STEP BY

C ._(TT_h_ THE _kOlCJt0a IDL : Z

(0 6|_C dzI INII;6
,.N r :j

611C EO TO 8QOC

6|Eg kTR=NTR

_V:ZV
_¿R:VJR

IF INTRI 615[: t61 ._Co _| ]0
--- | ]T|-,,----..--..-+I_Pr-.-1EI,_P-.-: -V&R *-_.v -- ---

1 ]72. IF ¢S|6NII.,IEIqPI .NE. S]GNtI.,XL-JI.JII ) _C TO 61_0
| ]7], lOkld) : !

I 37_, £0 TO 615C
| ]75, 611C |OLI,Jl : 2
1 376, )OL2 : IOL2*!

--| 3%7+ ;d t _4-----T ( _P
1 378, v,J(._) : T(_

1 ]79, _|SC COhlZ_L_ r
| 38C, 1:

]81. IF (tCL2 ,(O, 01 _0 TO 31:0
382, C

38q. 1: S£IRC_ _OUT_m(

38S. C $(IRCH ant FL_G fIRST Y-STOP ]k T_IS TiP( ST(P

387, 1:

388. _-_ : _IG
- -3119.+ i._ :+ 8 IG ........

39Q, .J.S$ : S

391, [0 31C( d:l ,NT;_

1 392. IF II[LtJI ,L|, ;) GO TO 110(_
| 39]. .NT:J

I 39q* _0 TO _OOG
--- | _9.S.-----. _ _ C--.kTR:N TR

l ]96.
I 397.

- 1 39_.
! 399.

l + " _OC.
l '101.

| _02.

l _03,
_: -n,.

I _OS.

1 _07,
1 _08.

;V:ZV

iF.-4N-IFR-)--] I _@_._r-_-. I--I-_-.-.----
311_ bJld) : V_R * ZY

IF IS|GNII.tkWI,_|) ,N(, SIGNII.,DXL..I,_I II (C T¢ ]|2_

IF ¢S;_NII**b.;I.II .it(. STGI41|.oR,,.I,J)I I GC TC ]lql]
C UkFbJS 0(PEkO(hT ¥1RIA6L( ,,I

lOLl.J| : 1

:9--_----] _rOO
C

]_C I; : W,..ldl'_(Tt-Tlllk.dl,_l-XL,,.,(,.ill
IF IR ,LT. HP! _ :
(0 TO )1SO __
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_q7.
q_8o

u_9,,

qsn.

J _SJ-

1 u$3.
1 qSq.

) qS6.

1 -- 1 _ S 7 ,

] IS8.

l a09. C

] --__,w--.----- ] } qG- r.----:- -_,, t.J _ s 4 T R- T..) J t bJ I _ ).-R.;$,_ _ _......

1 U11. ]F (R oLT. XF) _P -" R

1 Ul2. 31.cC ( : R
] ql]e ]OLIJI " 2

| U|_. ]F IAESIQ) .LT. [ELU) IDL(JI = 3 --

! '_lS. 3ICC _OhTI_L(

el7. 31_C )F CHP .EQ. EIG] £0 10 322_

a18, " [O 32(C J:l ,NTRE
) U19. 32CC ;JtJ) : dJI.Jl

a20, 1R : 1
q21o D(LT : HM

::_. G0----I;;.----.3 ;_k C

_23. 322C CO 32QC _:I,NT;_
1 q2_e 32_C )LeI.J) : W._i,.)

"2S. 1L : 1

_26. ((LT : HP

q27. .v2EC |r (AeS(O(LT! .LI. O(LU! GC TO 3SOQ

_29. C _OY (:C_V(RGEC

q3O,, EO TO (3]GO, 3a(O)_, KON

_31. C FOG iCAMS-FOLLTCK, TNT(RPO(.AT( fOR Y'$ AT T * _(LT

u32. ¢ GET D(RIVAIIVI[S ANG (05 CONOIT1'ONS
_33. 33CC ! : T * O(LT

u3._. 1C t._L._-I
e35. .7CGO : Z

u36, GO 10 ?0Off

"37. _35C EO TO _00(_

_38. C

q39. C FOR RL_Gt:-_U1Ta, IkT(GRaTE' TO T • (_LT

,al. .2CC0 : Z

uq2. ,_0 TO ZBO[:
aq3. 3q._C lF i(CST) C_LL [05

_. (;0 TO 309C

"'o S. C

..... I_O.,.-..--_,.-----..--_(_AR_F-HA$-CCNVE;E_ _THIh iCC[PTipL[ TOLERA_£r_ ONLON£ ¢F
C [EP(NOEk_ v,_R]aBLE TPlrGGERS

3scr cn_11_LE
JN[_IS : O

CO' )SIJG ,J:l ,_T;_
.J._S : b

.N 1 :.L. .
_0 TO _nDC

]52C kTE:NIR

]S]( )F II_LIJI ._(. ]1 GO 1C 35_0

C -- £0 TO Ex£CbT( T_:IGEI_R ......
_NI :

I --- - I159. ..... ]Obldl : 1

+-+, "+'"-.,;. _g--10----_OGC

+ m6a. ',s,c CO_.TZ_,+(
| " - _63. • r,, ...........

| q6_e C CALC,, kEM INIh _lkO NTT

....... • kS. ....... ,.l_OO : S .........

_66. EO 10 IOC_

_?. 2_:_ Ce-i_--l'-_.-k E ,,.
_68o C

---- qbq. - - £0 10 (3680_ "_7CCI _ )qON-

q70. C 1(ST FCR DISCONT]NL._T_[$. CAUS[S l I_(SIIRT IN a_lM$

_71. -- 368C IF I|kOl$ .[C. Ol GO TO ]SO
qi'2, _0 10 lOO

uT_. r-
_?q. C 1[$T FOR DZSCON1;N_TTT[$, CAUS($ OERIVITIVE$ TC B( _E-CILCLLATED

qTS. E lk KUTTa
'176. 37(]_ 1GC : T
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"77. IF IIkC]S _,_'Go C) GO TO 300
_?|. C

"_T9. GO--TO-4_7S;y-_7.t-))r-_N .--- -
_8C, 37SI ¢kLL ((RI

_@|. ]?$2 CaLL GER;!

ae2. IF ((CST) (,ILL [05

u83. IlrlXRIIIeNE,o) GC ;0 _910
uBq. _0 TO .'¢00

.... 509...-.--- 106G COkTI_t,E

SiC, C CHECK FOSSIBIL|I't Ctr a _($TaRT 0UE TO a C;"lil_8[ IN IRGUI, E_TS

511, IF INCLO - N; _(_ I075, 1070
"-----_ _ ,r'-------te-/_'-_O t-O---:.- e+

513.

SiS. C

S16, C
517.

519.
5_0,

521.
S22o
5Z3.

5_.
52S.

526.

S27.

.... 5_8, -E ....
SZg, C
_=C. C

10"/c IF IX_G_4 ,[q, H(kO ) (_0 TO 1080

1H( NCMINAL STEP $1Z[ HAS eEEN CHl_GEO EXTERNALLY
_tST RI:" $ T AR I ,,

{0 TO 100
£

108C GO T0;_0S,33(,5!£5,_$70,36_0,.1S0),.1(_0C
C

C @_g 4ql IIm el_m 4 IhPlldl4;'_ Ilql_ 449 4ff44ff_q egJem_ 444_4g444 _ 4_ J • 4m m_g J g am _ 48o9 ege m • *q8 IJlO e Omm

C r_._£T_ _GEIT. -RUkG&.--_U-LT&--ROUT-ZN(

C 10 _Ot( ONE ._T(P FRO_4 T TO T * OT I_NITT&L]ZE _T O(Ir_R(CALLING)

G- -- USeS Tk 10 SAY(PY|T)
C F1 IN( Y CILC. TOGEIN(R TO ?*OT

CEl=_(I,t-; TO SAVE S_ _F K'._-
_[TURh 15 E1 .2(_OO

531. 2000 TSV -" T

....... 532.1 ......... F01- _- GT/2 ; ............

533. C ._aV( II_ZTIaL Y'.( Z_ YN

.... S3qr ....... GO 20(;_ I'-| _EG - -

1 535. 2001 ',N(I) : PYII)

--o .....

1 537. C (LTER LCOP
538° .... _0 _O_C L:1,4

539. C IENCR LCOP FOR ALL h (OuATICNS

l ....... 5qg. .... CO 20.'_ I:L,NEC -

; 5ql. !l_ : ('_eOYtII

--" StZ: (n TO [--201._.'. _3C: _IC.,-2QqOl_.--l..
S_J. C L-'l, SX:Xl

; ..... Sq_, _OlC ((LZII,I) : _.X
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; $aS.

SUb.

2 $q7.

; Sqg.

; SSc.
; SS].

; 552.

; S53.

; SS5.

556.
; 5S'/.

; 5S8,
2 S59.

2{:1 _. FYiZ) : YN(_) '* _.KI2.

_41) : PYII)
CO 10 2050

202C ((LZI|,ll : CEL2(X,|)42,sSK
r,O TO 201. _

C L:- _, !_"K3

2G_G C[LZ|_,I) : CELZIZ,li * 2.*SK

FY|]) : YNI]' ) * ._K
'14 ] ) *-.=.--PY ¢ | I ....................

_0 10 205[

20tC FYII) : YNII) * (DELZ(I,I! * SWt/6.
_(1) -" PYI|)

2USE CO h T I I',b(

NN

CALLS 10 EXECUTE TI:]GGrR I_CUTTNrS,, NUPBER 15 SET IN NET

NN1 Mdl EObAL ZER0 tIHEN E[TT]N G 11-[ FINS1 _62
n]FFERENC[$ I_I' RUNGE-KUTIA BEF09( 5vl[TcH1NG 10 SCA_S

NN1 MJ_ EOUAL *1 MHEN ENCUG_ O_FFEREEC[$ ARE SAV[_
...... _G.-GGUGEE--T_E-STE..P--$-_E

;ETURE IS E_ .qC0O

S-7 S. C

576, C

57"/,

5711, C

STg, C
SeO. C

_'- C
582, C

5e3, C

qOCC COKTZkL(

)F INkT) eSto_ q_O_ _0_)5 ....
C

_._." ;_' IN_.-I.--re-T-;--.N-T-FG-I-----Ge---TI_ ---_'3GO

£0 TO (qClOgqo;_e4C3CeqOqCe_oSOe_CbCe_OTOeJlOBC,_09_*_|CC,
....... Y iljl[), NET

C
q61£ CALL ;TI -

_.0 TO _900

_::: _A_-L---r-; g-- -

EO TO _9CE

58q.

S85,
586.

SS?,

588.
- - S|g,

59C,
- Sqt,

592,

595, -- ,C3E CALL ;13
596. E0 T0 ,900

S97. qOeC CALL ;T_
598. EO TO _9OC

60C. CO T0 qgOC
6G|, 4G_C CALL ;T6
602, CO TO _90_

603, e0?C CAkL ¢TT

6oq, EO TO _900

_S_,--------_GtFE---CAkL---_'-,4

6060 _0 TO qgoC
607. e09C CALL ;Ig
608, _0 TO _90C

6Og_ _ICC CALL ;11Q

610. EO TO e900

6_r-----_-tlE--_abL--_l))
612, _0 TO _90C
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61.!.

61q.

615.

616,
-617,

618,

61_;, C

62e, C
621, C

622. ¢
-- -- 6_J.- -- (.

6Zq,

625,
_26.
627,

1 620,

1 629,

; 438,
631.

-... --=.
633.

63q,
635.

436. ¢

637, C

439,
6_Q •

-- 6_2,
6_1. C

6_6, G

6q7o C

4_B,
6u, 9,

tic.

6S1.
65_.

6S3.

45_. C
6S5. C

bS6_ C
657,

l 458,

; 659 •
; - 66,00

; 661.

1 6630

1 66q.
1 665,

1 666.
667.

669o

67U,

671,
67_,

673.

C

e31C FOG_A1 111/31;_ 1;Y|NG TO CaLL TRIGGER ;OuT]E(, T_,
) 2114 VI-ICH IS NOT 0EF'_NEC/|

")CC vRITE ¢,,10,w310) N_,T

EO TO- 990E ....

C

EOLT|EE TO _(CL/( whEN TaXZNG TH_ r|RST q,_ Rb&GE-NUTTa STEPS
&nO GENERATING THE NEC[SSARY CTFFERCNCE TJPLES.

kF£N EBCZF : ff*2 THrS TRIGGER ZS SHut err aN0 CCNIRCL rS
• 1;ANSFE;EO TO aOaMS CONTROL.

_,_CC (Ok TZk(.(

IR |p : T * H(
C --E FO ATE--T_ F-F ER ( NG E _r-'-T S BE G_

(0 _A)C 1-1 ,NEC

IPl : OY(l)
C0 qqJC K'I mffP2

IP_ : TP|
IP1 : TPl - [ELT¢I,Xl

C

_OGZF : NOOIF'! -- -
IF INE{)IF ,L1. P;2! GO TO I;995

bHEN Ek0UG_ .¢TEF$ FiVE BEEN TAKEN, SklITCH 1C mCaMS')eOULToN

.,0k.- _ I

IRIP : BIG

_S[ART : IC0
GO TO-. 32S

;OIr$ikE--Tg-OG_lt|--1;4_-S-T-TP S;Z[-AF-I(R- ;NOUfk--G,_rlr-(R_kG&_-

_.iv( gE(_ .(_VEO

l_)_E _F THIS TnlGSEn T$ q_*ll'_C AFTER tn T T_P( dH(N Tl-( 0CUBLING
;RCCEI:LR( _. S(1 CF'_

_SCC CON TT klaE
FC : _._C

FO : . TRUE.
IRIP : B_G -.

kSlaR1 : 1C0

LSING OZFK(REhCE! IN OELX GET In*l! UERZVA1|VES BACK F'RoP INIS

%| X (...--a ;_0 -$ _0 l; F,_Tb _ $_._ ;_c_ DEI,_

£0 _S;G J:X,_Pl

PH : PP2"J
[I_LZI_t.;I : {:(L;_|,|}

(0 wS;( _:l,p_
45_r.--_£BX(-L,_(l--: rr_._(Z,xI__-_OELX(Z,_(,I! ....

cIS3(((LZiI,_P2) : 0ELX(I,I)

¢

C ft_OM CER_VAT_(S IN OELY aNO OELZ_ SET OEL_: SACK OERIvATI_($
¢ vZln ;,'n¢ TZPE IktEnVaL O£TVEEN

_l_--q J:-Z * L

12 = F;2,2
_S._S 11 : 11-1

IF [II) qS6O, ,_._O, q536
.S._6 12 : ]i-2

IF IZ;I _528, '4t..'8, ,.c_O
&7._,,__.._t.____ (.WITCh. TO _EL2 TIBL£$ ...........

675. q538 aS_ZOk 4S_tq 10 ]Sw

.-674, 12 : I2 + _PI
677, C

67B, C IN SAI, E t. OCP, RE-CJLC, NEk OIFFERE_CE IABL(':. ih OELX B.4$EO Ch _(w
679, C TZPE ._IEP

.... 68C-°_-- _SKC_ C0 qS_C I:ltN(C .

681. CO TO ISW, (_5_;,qSq_P

682. _Se2 CELY(I,II) : OELt(I, I2)
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--f- _.C,"3. eo.-T.e-- q,t.,__.

) 68q. qS_ll CELT (]tTl) : DELZ¢Z,Z2)
) 68S, _S_S 1PJ "- (3ELTIT _ZI I

) 686, [0 qSEC K-*I,PP2
; 687,, _P_ : ;P!

; b88, 1P1 *- 'TPI-CELXI. I,K )
_---------b89-_----_S S 6- gE_ J_-! tK ).--E---1P ;2......
; 690. C

691, GO TO _S3S

692. C
- 693, qS6{ EO 1'0 q99S

69_, C

--- C?:. C

702 •

703.

"/04,
70S,

706.

7g.7.

708.
709°

7IC.

- --71 1,-
?12.

7,.1L-,1.
71,_.

71S.

716.

- 717,
718.

696. C jlrlER EXECUT]NG aN _xTERNaL TRIGGER ROLTZN£, CCH( M(RE

697, -- _,9G_ CONT]_,UE
698, C FAS RIMRN EErk C/LL.E_

695, JF IRA I|IeEG,[) G ( ] O U 9 ? ( " -- 1
70C, C '_£S, RE+UAK T¢ EAI.L]NG PROGRAP

EO TO 599q

C 1(S1 FCR a 0]ScCkTINU_'r!F IFTER TR|EGER EXECLT_Ce,
ll9_C- _NI : kNT

.JSS : ?

_O--T g--OOg g

_AR=VIR

C

¢ IF TI4ERE IS il I)T._CCNT|NU;T,f , SET ZkOIclTOR

]1r (]AB$IkTI=) .EO. 2) TNC'ZS : |

q995 EO TO I 32G , 3!'qO ) , JuOGO
C

C

C

71,.g._----G--AGAIW-$ .... M.CL_XOK w-Z¥. -O.ROI_R PR('0ZCTOR--.--CORR_..(;TCJ_--ROU-_-_N[- k[J.TH .......
7Z0, C

721, ¢
722. C

723, C

72_1. C
_-2S _ c

726. C
72T. ¢
T?g. C

729, ¢
73Q, C

-- --7 3-1,-.---...-C
732. C

733. C

73_. C

73S. ¢
736. C

JuloIqlTIC STEP !]ZE CONTPOL

PORES CN[ ,STEP FERELiRO UStkG Cu_REET STEP ._];'E, NC

_[I_RkS EIZ]H IN INr]CJITOR, ITL

-;F-|IPL -=-+j_-+NCnl4A_,- RETURN ..........
TI_E !S UPOATED

Y 'S ARE 11_ T INO r_
v rtER|VATTVES IRE |k C_'

BACK D%IPFERENCES LPDA1[O lkO Zk OELX

.IF+ %FL- "-- .a, %kOTEATES STEP S%_E %S TOC.B+G ............
T|ME ZS SET BACK 10 BEGZN_,|NG CF STEP
OLD Y'S _IRE PUT EJCI_ ]N)'O ? J_ PT

OLD BAC_ _IF'TERENCES _R[ £11LL ZN OEL_

0LÜ aERIv&TIvEs SET [e, OY FROP F_RST COL. OF GELX
EkD-OF*STEP CONOtTIONS ARE Rt'-CALCULAT[[_

---7_-7+,,----_C- ......... A&V DOUBLING ZNOZCATORS AK[ _FIUT OFF

738. C

739. C %F TFL : 3, lkO]CA1[S SIEP S]ZE TS TOC S_,ALL

7_C. _ &-I &..-T_---_.F --$ T-OR AG_--4 &_t l,.[---&-4_&--ai-$ --_-Ig _- N gg M &_- R_ T UR _--
?zil. C

?zi_,- -+E --- ;ETUR_ _S BY _55[0
7_3, C

- 7ziq,- 5S¢1_ (Okt|kkE
7q$, EEC;OT : ,TRUE,

--------?_k. ] r-- .t-_ ;,-i-i---.6 o--; o --_. r_l; 5

7U?. C EET NEu TMIN IN[ N1T

7zig. SNA : ,TRUE.
7_9, ,.iCC_ : 3

. 7SC, - _0 TO 1000
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751, 5505 1S_ : I

.7.S_G--_IAV_-CbRR(IqT-x'$ t.k-VN--AJqO GAI, G PgE01cTc.-O-I'T_
753. C

75_. (0 5S;G 1:1 ,s( (;

] 75_, _N||) : PY|I I

l 7S6. c.K : C •

1 757. C Stem FRQP i<:l: YO
-- t_TStt. CO _. S-tE- -, ; 1 v_,Poi ,

; 7Sq. .c51C .oK : _.N • iCCIKI,;OEI./IltX)
l 760. FY(ll = YIV.I[I * *.C_ISK

| 761. SS_C _l |) -" PYCl)

1 762. G- CJI.CULATE G(I;IVAII_(S 01r PllEOICT(I_ Y'S ST I • I,C
76.1. I : T£V * ;_C

76q. IG 4._-)._ I--
765. EO TO tc.526, cS;._), NN

- -766,, ss_r.. CAt..E CERI
767. 5526 CALL ((g2

768. G

7690 IFL:I

7-_Q. GO--TO-- tSS28_---g�lll'.r-l199J-, KlINO-
771. ¢ L£4V( G/FFEI_ENCE! _Y 8(S. OF STI[P In 0ELX

7720 ¢ t.PCATE CIIrWEI:ENCE IASL(S rROM 0(LX USING PI:[OI¢1(,0

773. C O(RIVa, IlV(. _ IN CEL2

77_. CO SS'aC |:I,N(¢

l 777. CO _S._C K:I ,PPT.

; 778. 1P_: - lPI
2 779. TP! : TPl - rEL_(I,J(I

2 78C. SS3C CE:LZ| |,K) : TP2
781. C

.---_-782.-.-_G-----_I;JI,_._;UL,tTE COi;Q(¢T(l Y'$ JNC GET t. agGES7 (N_;CN _FR_ ...........
783. ENFI : (:0

789. rO 5Ss. C I--I,N(_
1 765. _.KP: r) .
l 786. !X : C.

1 7870 (;O 55_0 K:| ,/*P 1
---- ; ..... 788,. SKF = SKP44CCIK )_)OELXIT,I()

; 7890 551C c.K : .(14 • ECCIKI,eOEL21I,_(!
| 790. FY|I') : YNIZ I * _-Ce5_4

I 79 1 . _tl) : PY(|)
1 792. C : &OStYll) )

) 793. ]1r l0 ,L F". Yt} [ : YL

--_ .... 7914- . ..... E _. &I.15IHCq_(-_tKp-.cKJI,IO/A
1 795. c-s_.C ]F (8 ,GT, EkPL) (NP! : 8

1 798. C
_T9' T.

790. C

799_

SaG. C
801.

902. C

809. C

805. C
806. C

807.

808.

01C.

1 811.
l 8120

1 81.t.

8|_;.

8LS. C
816.
017.

810.

CAtC. 0(RT'valT',lE c CF CORRECTEC Y'$

C_ _-"TE_2 ...........................
_(ST (;I_OR L]_411! FO;; ,IUTO_iTIC STEP SIZE CCNTRCL

IF IEkFl .LE. EL) (30 TO 55_q0

IFtENFI,LE;,ELIIII EO TO 5590
STEP ._IZE IS 1OC 016

]F--_d-2.v-- ; 6-T;--F#I_-I----GG- TC----_§_ihg-
I;i[$ET EV(R¥TI-INE TC CONOITION$ AT I_(_IKNIN£ OF _.7EP

lhCLuCTkG EkO OF STEP CONOIT'_0N$ -
_ll) ANC PYIT) I=l;OM YN(|)

C¥(I) F¢GI4 IST COkUMN OF 0ELX --

1 : T_.v
lC-'t.'t-I-; I

C0 55t r I:!,_E r.
I(II : YN(|I
I:YIII : YNII)

$56E CYlIi : 0ELIll,I)
IF _EC.11") C_LL £0- _

)FL : 7.
VO : ,1RuE •

1RIP . BIG
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819,

82C.

822.

823,

82_,
825,

826,

g2_.
828,

829.

83C.

831.
83; •

l B3_.

835.
836.

; 837.
; 838,

.! C_'0 : ,

C .--70--;E(-AEG&IkJTE--Tu|N- a,k0 klT
EO TO lOCi:

SSTC EO TO 5599

C

C STEP SiZE I5 TO( SP&LL

55_C ]F I .hOT. NC) CG TO c..tCE
] F-- ; _ ..Ng---_ G-Tr .-lanai- - Gg TO--- 559E .........
]FL -- 3

SMA : ,FALSE,

C
C LPGATE OXIrFEI:;ENCE llIBLES USING CORI;[CTED DEI:XVAI|V[S

-c55C [0 555. t ]:l,N£C

,lp_i--._- G '¢¢-I I

DO 5555 K:I ,MP;

1P_ = 1P1
lPi : lpl o [EL_IZ,K)

55_ •. CEL_¢_,Xi - IP 2
¢

8 ]. g,,r-----.G, -- I;[ TUgt, ......................

8QO. ssgq; _0 TO CS02G), ,J:!(:C
81ql, C

8k_e _ *Io Mo iII'blt t ul_'eoI1egss S _le11tt mtl o B _'M'a*MMM allM MUM M_ MM _ MMM_ _**M_* MM MM _MM_ _M

8u3. C

8_a. C _RCLIXNI[ 1C ZNT[;:POL/TE USZNG CXFIrERI[NCE FC1;_NULJ5 FCR Tit[ _r'5 JT TZM[

g_S_-G .... £E1 .It, T akO US|kG-O|rF[RENC[ TABLES E_JA_UAT[C.AT TGl:. BEFQR[.

8_6, C ;(1UR_ING INE OEFX_ATXVE$ ARE CALCLLAI[0 J_( $1CR_ |N _Y aNC

8_?. C 1N£ ElkO-oIr-SlEP I=0LTIN( NA5 B(EN EX£CUi[D.
g_,6. C RETLRI_ i. _ B_ ,J70C0
gqg, C

85C. TOCC CO_;_CE

B5|. ......... ITS[DOT : ,FAL$(,
BS2, _-ML, : 1E;O - 1

8_3. FHL, : ),lqU/hC
. _._. rA-G-Te-;- l-_e

855, FNUM : 1.0
,- 8S6, - [0 7o;c d:l,_

| B57, FJ : .

! --- gSB. F&CTd:FACT_,eCFd*|. J
| §$90 FNL;M : FNUI_*|FM_-F_|

_ __ _. 7_2, r Cg.l,,,/..I.--:4__[1.)-_a.,,l .._-FNU/4/IrAG,TJ

] 86;,
86_,

] 863,

1 86S,

$67.

£ 868.

l 869.

! 870 .
1 871,

l 873,

! -. BT_,
:' 8"/'5.

] - - 876..-

1 g7T.

; IIT.B.
8?q.

..... 88C,
881o

..... B82.- C-

803.
lBa

81t5. C

B86.-

C

f.O 7(]EC K:| vMPl

CKtKI : 8CCt _|
JF (K .(G* I | EC 10 70Sa

£O--Tga G---._ _, .,.x K.-----..--- _

_J : K-J
704_C (KiK| : CK41(I '_ CQ¢.IIeBGOIKdi

?OSC COkl|k_E
C

C CALCULATE h(b Y'_. JT T
[ O--7g_ G--- t =-;-,,_r.G C

!U_" : C.

[O 7O_C I(:l,pP|

TOE(; _.UM : SUM * CKIKI"CELX|X_,K)
7GBG _l_) -- PY(|| -hffU4$tdM

C

CO TO (7C52, 7Csl l, Nfl
7091- CALL _;[l;1 ---
?0_12 CAL.L _.[R2

.... GET [05 COI_CZ.I|ON$

IF ¢(C5T) (:ILL fC$

) F-4JU_I..]_ .JV[-,, E-._--;_--IG-.a gJ O

CALCULATE COEFF|CZ[NT$ 0r clFrER(NCES

eO TO IS_SC, 338C|. dTODO
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C

C
887.

888 •
989.

89G.,,..--.-_-------_ROI.-TZ, kF..-_C SET--t.F--IRXGGF.R '_AR.Z&EL£$_dXIK_C.LRRthL_VJLL_(._

8CCC CO 1'0 fJ,2,J,q,E,b,7,8,gvl(,ll), .,_T
¢ RETURN TO THESE _.IATF.P*ENT NO$. 01[P_NOZhG 01_ VALUr OF ,J.JS$
C .JSS : 1 , 2 , ] , , , S , _: , ?

81C r' _0 TO tlO3C,!8,2_.S,612Q,311G,)S20,_q'_G),,_J£$

S9|.

892.

89].
89**,

895. C
'J196,, I--kTR-'--kTRZ ...............

897, ',AR : V,SR1
898. ;v : 2vl

899. r.o TO 8100

900. ; hTR * KTR2
901. _Al; : VAR2

-- _.-.---gO2,-,- ;¥.--" ;v2 ...........

90_. _O TO 81Q_
904. '_ kTR : kTR]
9(]5. _AR " YAR]

906. _V : 7VJ
9Q7. EO TO 81C_

908-. ....... _1 kTR - _TRU
_iJR " YARq

;.V : 2v,o
ee---t o.--ei o o

E ktR : h)'RS
'o,tR : 14,RS

2v : 2v5

-- 60 TO 8|og
6 kTR : NI'R6

;.¥ : 7v6
,_O TO 810C

T e,TR - kTR7

_,tR : ¥AR?

,iV : 2v7
_O TG-'--_ l-O G

8 kTR : kTR8
tAR -" '/,iRe

ZV : 2'_8

(_O TO 8100
(; kTR : kTR9

_4 R--_..-- ¥ AR.9

909.
91Q,

--------911.
912.

91].
9ill.

91;S.

9|6.
----4-1 ?.

9II!.
- 919.

92[_.

921.

922.
'123.

9Zq.

925,
926.

9_76
928.

93C,
931,

932,
93_.

93_.
_945 ..

9360
937.

930.

939,
9_O.

-.---_ :.
992.

99,3.
99_.

-- 9itS,

9_lG.

9q8.

9q9,,
95_.

951,

60 TO- .SIOG

IC kTR : I_TRll_
l_aR : V&RIG

2V : 2V10

II I_TR : hTRII
- _AR ; V_Rll

;.v : 7_11

(O TO 810G
C

C

90C-_ bR|T_ (,.iOvgo|OI TPTN9 Tv 0(LU .....
90|0 FORISAT (1111()' leNIN) : _lP(JOo3_EP |_ L[_.$ TI-JIN CURRENT TTN(,

; E--l_., _l--v--| ?k v-.X |NbS - OCLT J-- Uv- ,_-|O ,--] 1-1 ....
¢

99C[ ERROR -" ,TRUE,
9999 _I'URk

[NO
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Ii

2.

..-&_

6.
7,

8.

9,

1O.

12.

1].

IS.

16.

ICQ

.¢UQROL1]N( E LI*E I_l

CHJ_ACIER*6 [_3(;)
CHAR,ACT(R*12 CN] Ik I
CN,*I_A C1EP t'60 ON2

_O _NO.k,c-; U S [ t-]U_[

COeMO_/I2(L[ JII ,CN;f2)
(ATA Ck,,Z/6_aaOO ieH , I
II:C

CALE raGIl
CALL ECUTI' $[LEC1 FI_OM THE

&_tirk--E GUT-_-_--C.----[-_-3--T .,,-._._| 1 )

CALL ECUTI' 1 - REA0 INPUT FROM

CALL ¢0AT&]I ltItD_IN1tSI00I
]rtIWa_,T.Er..()GC 1C 6

)F(IMaP.T.(G,,))GC TC 1O

CO 10 )OO

FOLL0kING _ENL :*,2. _)

(LEH(ET5.',31]

--t--'l-'r--- G

18.
19, S

2C.
21.

22-

25.

2b.
:17. 6

28.

! ;.JT-IA k Z-_E- B'c--RE$;D_I,,T- EE&_( k.-/------,,------

IC COkTIkL(

('*'EL ECUTI' iS( IHE FOEEOWING P#OCEDURE TO FNTE_ NON-PESZDEkT
_[NT'IEE!

CALL EGUT(' F_LEkIPE.[LE.._ENT-NJI_(',22! ....

]I:II " !

!F '. ZZ .G-l. _ ;GC,--T G--_.CO

CALL ;CCHAI_ I (hi , q, I*._ SS I
_'N2(|| |:ON31 |lllf, N |(J,J//O_|(Z|llOfq| (311/ON| Iq |//ON._(2 |

EO 10 ]09
RE TUI_k

EN0

EL(_
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£LTTEL

tI_PUT2
0FFECE:'W_FC-£L2_ °

0A1[:'1_ eaR 1_81 *

TZlLE:eLE_ TRI_ECTORY " 1E$1'
NCk$[=]t NOTAE:|t

---,IE_i,O
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lkO

lo

2. ¢

$.,---- C
6. C

"1. ¢

8.

9..
10.

11.
1 1_°

IS,,

1 16.

; 18.
19,,

21.

22.

._U_ROLTIN( _]NO

DE T(_I*INES _OL

!CHI,A,DT,NOROERI

S_OeIALS 6JSED ON J1TZT_D(

C_I : kR;A_ OF DEP(NQENT VJRIABL[$

-J " P_vkO_l&k-¢GEFFIC;_k_$

C7 : 4R_aT OF INO(P(NO(NT VARIABLES
kCROER : 0;((_ OF REOUIR[O PCLYNOkI&L

[ZPEN_]0N _(_,9I,C_I(9I,ET(_),A(9)

e( l)=C_Zl I }

C0 -.-_-I :_. N G_ G( R

CO 1 .:I_NCRCER

El |v_l:0Tl]*)lee.
CALL _INV(EtkCRCER I

(0 2 ]:I,NORC(R

J(/_l):O.

lll*l ):A|I*! 1,6 IJt_)elCHlqv_l)-tl| II
)t:NORC (R,* 1

CO 3 _:I,K
_1 ]):JI | )/c. 7.29_'i8
;( IUR_

INe

_[STORY INFCRM_TZON
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FCNZSP

le

2.

qo

6.

7,,

8.

9.
IC.

II.

12.
),3.

FU_,CT/GN F'_M 2'SP I TJb)
COMMOkITAB]SI:IMTJU tT]M[SPI20),TRF]SP(2C)

[ArA ll/-_qsqogtl,l,_/lg,,Tq6q_'v43/Q, JlT.g_S/w Ji4aS_olS/

_I[F I$ F :q55 .I !

JC

ENTRY YARTSPITAI. _T }
CALL aPUbGII,MTJILe:.O,T_T_NISP,,_I_FISPtTI:FISF,G,G)-

FUhISP'-R£FISI:_ I J | _T JIU* A2 ) _TA U* A3 ) ._Air

ENTRY _.V_SP(TALePlkU_!

FU_, __RE.I _ :[S¢_d,._.e 4"_r_ &-| 'e-TAU'b A_) 4LD_TAUM -

£NO
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LE_w XA|

l

c

7

IG
11

11
|41-

IE

le

17

15

21

22

2?

2 J*

2. c
2E
27

2_

aF_,LW _.[tTA,StJTA
-1[ ,12

OJlJIAII, _),I=1,3)/;756,,2796,,2796./

OJ_JlA(l, 6 l, I :1 ,3i IM2c.9,,_2_, ,_259, /

OJ]JIA¢], 8t,I:I,1.)IE2E,,SZ_,,52_o/
DJTJlAIIf 5),|:1,_.)J!75.,57_,,579,/

*IS,19

DJT_IAiI, ]3}t I=| ,3)/79;,,799.,7qP9,/
-ZS ,2S

*_[ ,.11

_JT|tA|_e;_)eT:I e3 ) / II_ 71q. e_l_lS_, ,illlSO, I

"!S ,3_

UAlJCAIIe;?I,Z*I,3II23C,,ISe,,IS_,/

OJlJlAI;,._6),I"I,._)IC.,7_.,76./

Dill A(1,*1)1326!3.1

-S_3 .St,

[_l_J A ( | i * ?)/_tll _,2,1 ,,J

OJ+J A 1|,_115)1C./
-7[,71

13_1TJ _ (1+ ([ql/]2_;6.,"

0111 A ¢ l,rtS 1/86q 1.,,"

ii4C£,F Vl;,' 21
-----3_ ----+I_ t-f--v k---,_'l-_-, _t 8 5
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c

7
e
9

ic

11

I,

11
le
17

--l-e

Is
2(
21

z. 1
-Am

Z!
2-"

17

2_

31

31

32

33

3,
3. c

--]6
37

38

LBWV_!

39

_C

qe

.7

--_

q_

SC

S!

$2

5.l

S_

S7

58

59

6C

bl

6:,

6]

64

6!

66

67

5]EP_7

HEJO:* 031& FOE L|Oblt B0¢$1MQOUL(ILBM) $_PULAT;ON e
HEJQ: ° _F$ PRCF(LLAN1 I_(_TORY JPPENQIX |G.12,CHI _£( _7 '

PEaC:* S;E-_OF1iI¢-I2]*7()'_TR 8URNR_T[-S2OEG F P_91 '

.CCCOGCOC ,

.le:06_2:,00,

,6Pt9285E *(_ ,

• _" _1589E'(]2,

l_*qsZO.*O2,
.12!7C$1C+02,

• ._C"21121.Q2,

• 2E17173_-*(]2,

,,,; ]9 1Cq;*_2.
.,_ J223117.02,

,._cr_ 1652*02
,¢._97 :'96C'OZ ,

.L]E22ST|*02,

_eS luesTeJO2,
• _ 5 (Tq 18 tJQ2,

, 7._.c99_9C*02,

• 7"/c.2 q 79 (:'_02,
. i ] _S_tG; *a;,

._c!?c.qG_*G2,
• 89 ._QG71 .c'Q2,

• _ ._26G2 I"G2,
,$7151331"(]2,

• ]C 10 ]66_463,

.58132651-01,

..9066327"QQ,

•eB_19388"9_.

.29233C61*01,

.18506123,01,

.|_775qIE*Q22

.IS7C1225"_2,

. |96_633|+02,

•;3_S18]?*_2,
,17"771"3"02,
,_|qO2q_9.O2,

• 1962E._30"C0,
• 58879592 *CO,

.;8132eS]*CQ,

• ,9Q6 _ J2 ?"(1,

.88313 ._87_C1,

.1668 1551,(2,

• :'ObO 7_$7"C2,
• 2_'53 2163"C2 ,

• ;8_5 E"6_'G2,
• 3238 "77S.¢2,

,29253061"_2, .qG23e]88_C2,
.a]178367*Q2_ ._155_q_4(2,

.,7103673302e ._808_C0]'C2_

• 21028qTq*02, ,_201_206+Ga,

• _95_28b,02, •5593_612*_2,
rSei79§q2*_t---_.S986G;bq+G2.

._280_899,C2,
,_$73020S'02,

• 106SS510_02,
• _580816*02,

• ]8_06123*02,

,E63567_5"C2,

,$02820_2"_2,

.5a2073_?*_2,

.581]2650,02_

.102C5796_03,

. t:378 t. 12_ ',r.2,

• _771 ]_31.C2,
• 7 lb 36 e3"/',_2,

.75561 Jq2,C2,
• 79118 7 lISO*C2 ,

----. 13_ ;-;1S&-* C_,-_

.8733E(61,C2,

.9126236_*C2,

• 5518 _?u,'C2,
.9911.'_;7q*C2_

.1030.=929.C3,

.68692858*OO,
,|9626531"01,

.98132651"01,

rJ37_8572"02. --
,17_6J878_02,

.2551_,90+C2,

._9q39796"_2,

,23365102.02,

.37296_QO*O_L_--
,,121571_02,

._51_|02C*02_

.q9C66_26"02,

.52_9|633.02,

._6916939*_2,

.6"_6755C+02,

.68692857*G2,

.72618163+C2,

.7_5_JU69"_2,

.80k68777*02,
,_"39UO&l*02-_--

,88311367"_2,
.922u_69u*¢2,

,9617G_01"02,

.I0009531_03,

. IG_.OG 19-4.03 r---- rlCIS 98126*g$.

• IC_9_72_.*C3,
• | l;a 52S6-03,

• 11177786*03,
• J;(?cJl _.03,
.1219111.c_03,

¢.RPFTg:

,CCCOCCOC ,

,;_E27121.C7,
.2r'377_;'07.

r._)qgq,]._-07,
,21_bq97_.*(]7,

,31, C8 1711"07,
.21._2e91u.C7,
, ._ 1 !318"_Z*07,

.29_S£0'_;'07,
.;8171a3u.G7,

. ;.6 S?.90._'07,
.;.c _8 914C]£407,

.2_1_]53E'07,

.Z3e8"777"07,

.2 ._;_C2q 7*07,

._17a522'07,

. ; a...;_ 8-S-3s.., G7.

• 2:(6618 1_07,

.;'.E7875]*07,

• 1QqqOOST'O3,

• 11383387"(]3,
• i17"/5918.03,

• J2168_9._3,
• 12._q0181"_3,

• -12536'_ 7.03,

• q(] 8_022¢)*(]b v

• ;q 5 ._2 .,720",¢_ 7,
• 29931_3.07,

.._9761_ql ,(]7,

-- • 215(.5S20"07,

• '_1939_c. 5+_7,
• 22 l_q675*r)7 ,

• 12qC6701"07,
• ._096_02"'07,
• _93".0718"07,

•;7927732.07,

• ;_67279u*(]7,

. ;S5131,._(]7,

. ,-"_109"3 .r.-_'r.
• _UO51758*07,

,;37135q9"07,
• ;3389735 *07,
. _38a§lTq*07,

• _q_21211"(]7,
• .;aSIGgg.l ?."O 7,

. ;_1.c9762,07,

. ;$59237_,(]7,

• :,6C_8762"07,

.;_8113_1'(]7,

...... . &Gb96;Sq*¢Z. .... -1079"592.03.--

• 1108 _$9C "C3 , • 11187123"03,
• 11_81c2G*C3, .11579653"03,

• I187 _C$I'C3. . I197218q "03.
• 1218 (C15.C3, .1226_582"03 •

, 1238 91_e 4C3 , . 12q 3831_ .r,],
- - ,1258_S13.C;, ...... .12k3_.S7_*G3.,-

•13.1137E92.C7,
• .'r036 C_S 2., C?,

• 2CO_ 9 (;0_*C7,

.__097 1831,C7,
• 316_ ;C6q*C7,
•2196S612+C7,

• 2220 ! _;q .;. ¢7,

• 22_(] 1;&6"C7,

• 2898 E 21 I ,C7,

.2758 ; _21I_C7 e

.2637e703,C7,
• 1525";_;S2"C7,

.J_21318_*07,

._17896C*07,

.]1252599"07,

. _3176_919.07,
,_2017q03*_7,

._2266815_C7,

,_235_29_'C7,

,20Gv_532*07,

._863_816*07•

._7267616-07,

.2608635q*07,

.25037936"07,
• .2.q.q-]-r_W-7-*-G-;-,r -- ,. ,_• ,?.7769 S *_. "r--,---

• 2qOIE"SC"C7,
• 1335 !(BI ,C7,

• 23q8 _.lSC ,C7,
,_396!151'_7,

• ;ltq9 ._857"C7,
_ _ • g ;.-G_2-'7.-* -e7.

,_23a152+C7,
• ._575 c.67C *C7,

• 2575 ! lb"'C7,
._576277 ',C7,

• 23Q1 .I798 *07,

,131_368"'C7,

.23592309._7,

.2_568561"Q7,
,2 u 9 _._;S S .I-+g Z-,.-

,25307983*07,

.;_7_7199"C7,
, ;:56C_i- 76 5 *_7,

• 2_1_76077-07,
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be ,;Q16S_6_407, .;296_013*_7, .Z379:q02'C7, ,23611162B*_7,
-6_ +._l_E26(:.G7, ..... .2327b_]$*02, .... .5313.1t-814C?-, .... 230_2333.07-. -

7C ,;; E".LqS ; *C7, .126_.1C01.07, . ;SuS ; 169 *C7 , ,2227_355 *C7,

7 I ,;; 135237.07, • 12CG9289"07, ,1187 ._19"/*C7, .21737731 *C7,

72 .2 ! _.3 88. ;-07, • 11268618 *07, • 209B 7782.C7 t .1062732 3"07,
7] ,;C151"6C'07, • 19732377._7, .19265.t67'C7, . 1905659.*07,

7a ,1E_9._81"07, . 179907._2"07, ,168"_1Sa*C7, .lt-3022B_*07,

-_$ .½1 ! 14 ;_L_ *C 7, ,-_ ;_O" Ok, .... , _$_9 r.JO-9-*C_ ; : _._73 7508 * 0_,--

7 (: , " ? [35772"06, • .1912_ 88*_'(]6, * 2786 C 986* C6, * 2] 0(]2_7(]*Cb,
77 ,1-tt3763[*06, . ]09209"5.06• ,1019(:qlt*C6, .E_8336S1*C$,

7e .ST;?2qlI*G5, ._5e90980.05, .]6171S12,C5, .29711257._5,

7(; .12 ZS_63._*(]S, , 17107?69*05, , 1227 EC6_**CS, .7127C]08"0_,

gC $Et,_C1:

81 ICS )8,281, 11191,281,

83 111!2.77_;, 11291-87_,

85 11_(6._,- _, I 1912.73_,,

8(: 11[-_0,32_, 110S7,3- _9,

-4i-; -_ 4-;,-; _e-._:7 f;. _; 1"0..(:6 _

88 I12 10,_'/_, 1 ;?,1.2"2,
8 ; 11_; 22.98 _., 11707o 306,

9C I 1_:5.11 c, 1 11£2.591,

9 1 1C7(_ .62_ . 1 CS_6.372,

9; IC;;I.66(:, I_1C9.152,
--91. 9-_-15.-&3_ _ _ 9 t76.96 SO.

9** 99,_].167 _., 9-_"1.2"95,
9.c 9_. 7D,_l, 9 133°991 c,
9(: 5[7_,773!, 9C07.0S68,

97 88-_C.8722 , 8|87.8397,

9_ 5C11. 7u3[, 9C61*588- _,
--g-5---- _L;_C. _796, 918G.9300,

l_l ;.c;_,_gSt, 9_-6],8_] 7 ,
IO; _;(: 7_.*219 5, 9 17c),8715,

IG3 98 -__;. 7.SE, 9E89,9107,

10 u 9E.1 [. 660 I, 9_C.969B,
]_Q._ ; ;CC.. _(:8 _, .......... 912._.9372,

10_ e512. 822 1, e_ -_3-87_-_ ,
1C) 7 eTC'J. 3895, 863_.68_6,
I0_ _'._7.;. 829c..7_0 _ ,

105 821r, STI _, 8 119.12S,

77.., 783(:, 7_.39,188,II[ _

11.1 --J ;.2 _* l_S r * 6 _B 2.;_7..,8 ,

lI; e_1!._79, 3]_3,9922,

112 I_71._33_-. I(05.q6_-5,

11 _. 212._C73E, 1_6.97296,

3 1ZS .-_.C_2, 9_ S.,._ lq 9
119S3 ,7'_2, 1 I298 • 195,
11336 • c.56, 11386,31'* ,

I 1686 ,e9_., I 1793.215,
| 19_2 • _9C, 11989. 708,

11C69.627, 12C88.51_,

12292 • 96 l, 12227.188,

11536.6OS, 11382 ,qSq,
1C97] o291, 1_890,S97,

IC_.7 .$1_,- 1C._30.$26,

9999, 5e15, 98_G,7232,
9 S82 ..C.186-, 9 SC_ ,-2725 _-

9277.._79u, 9217.,629,

9121,SC7_, 9Ce_._397,
8885.q[3_, 8E09.191C,

8_29.6_[:1 * 89_5.2196,

9106, _723, 9166.6896,
--- 9308.7S_', .......... 9337,3907,- .

9,68.2_5u.

c;[92. !7911,

9792 . ._;3el ,
979S. _(:.e.

._52 • S;7 c-,
9 CE,_ ..-_ 699 ,

8E13* llOU,

8560. ;e9. •

8._95,;121

8[13. ¢ 17_
7.%2.._]©

6_53. iq6_

3C39. }127

1-'2.917S;.

• S,$0582'_ f

9_E3._139,

9(:21._12_,

97_6._95C,

9737.89"_,
9278,CeTu,

858B.b765,
87_S,E811,

8#99.7"92,

7E77,bqb,
718_.796,

2u_7,C907,

8_.21259,

1[9.u2331,

26._9373,

117 N!'IS1 : :'_1 ,2_2, ;_3,2*U ,a,_. ,

lie ..... EkED_TI1,1) :-.t.32;Sv*l.._q_?,- 7,O900,-IO,(OOO,O.,_?OOGG.,IO32,6266,u.l?OSO(],

115 EI_EOJ7(1,;) :*_.1.3225, 1.._"(2, * 7*090Q,-10-(0(](],0*,_'70CCC.,1¢332,626_,".170_0C,
--- _-_-E---E I_G Jl--Tt-]-_ _ _. 73"G r-G-_----I "q'-_ 3921_-* J-& .;COO ,e'.'.t"*¢0_'_| _,] ;_--i ; kL'-,_ *-_ 7[_ S_C ,--

121

122 -
121

12 •.

121

128
129

13C

131
-, - ]r-_:

13_ TM

13[
136

£1_C_J;fI,_) :-._6.6319,*6..%17, _. , O. ,_].,[. , C. ,1_.776365,

EkGD&TII_. _) 2"._6,6319v 6.-_617_ O. _ n. vO.vE. .... • (]. ,10.776365,

rl_C-OlT(l.t) :'._.."660, o._D_O, 0°73660. -7.SOOI],O.,;6. scr..STT.6OC.S,_.8129.

EkEOJiT(],'J) =*-_S,"6(=O_ 0,C0[0,-0.73660, -i,SOOO,O,,.7_*$CG-,877./OOaS,l-8129,
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qe ZI:ILS:(,
q_ 7FI;O T I e I : _e 1.0_ ,.6S .2'C..

q@--- Tk(t t _ l: i. ,_r,(_., 2., f., [,v _.,G.,G.,2.,"-,C., 2. ,(..Go,2*e;o,G,.

S( 1_E11,111:2.,5'C., 2.,5*(., _'_-_*C.,
SI FC_S:5_C • ,6C 70.,2"52a ¢.., 2,6(7[:., S_C. ,

5 _ VCCXS:.''_C ,, .I.9, .='_,2s l& ,,llq, ;* 19,3?,5*[.,

S.• _£[:UPP'- eeCo o25(2.6_7_Co
-S_ ...... FRC$:6_(. ,2e73|., 735.._,9 1 ]. $, SeQ.,

55 _CI;C5:_ *C ,, 7.8 _;,3.25 ,$*C ,,

'7 ;-;_L"_ _SOX T*SR B-_eF-_ t T E.,.-|._..Z---TX_-f.s.IPTR ! S ?'--_)_ I"SNllr'-b"]_ ,_ T'L-'S'_ ----
58 SEk_
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|.

2.

.11

S.

6.
7.

8,

98

--H.

12°

13. II

lq.

I_. 12

16.

---l-7,

16.

196

20.

21,

2_o.

26.

_7. - - -

21°

3Q.

31.

32.

33r

36.

)7.

38.

IS;.

_0. 50

_.1o $00
_,qe

qS. 51

q6o

--a7,---I E;_

q6.

qg.

5C.

Sl,

52.

---5!. ....

Sq.

55.

57.

--SI, -

59. If)2

-- &Oe

61.
L_._

6J. ICOC

6*.

5So

56.

57.

(.USROt. T ZN( LLPR1
CHARA(_ERe(: F(ACER¢2c)tOuTI|2),NA_*_II6)_IUI_]TI |_)

(HARA C T(Rd'60 H(J(

I'_p(N.(]CN BLCCX I_2),PH]T_[10),SAV_IS,8|

]FILLFLIG.[Q.I_)_C 10 11

LLFLA£:O .....

C .................... 1,AI1( _NO 0N 10,11,12,13 .......... - ................

ENQ FILE 1C -
ENO F|L£ 11

E_ &-- F.-] bE _ :_
(N0 FJL F 1]

]HET1C:O
)H_TI 1:0

CONTIkLE

JHITI_:0

]N_. aO

1 ]RANT :_
;£.1NC 1

- - ;E_IN[ 2

;(-,_NC---_ !

;C _. IN( 12

;(WIN( 13
CALL FJGIT

(Akk EGUT(' ( - I(RMINAT( TO /4&IN _'(NU',2?|

CALL _CUTI, | - FR|NT CONSTRAINTS INO CPTIPIZ( r_ UPOJT( c

CALL

{At;b
CALL

CALL

)F tIMJNT.(G.C)LLFLIG=0
'IF'-4-| WVl,h T o E G. _-)_ _ TU I_P,I-_-
Jlr l|MdhY,G|.lll _C 10 1

]FIIVlhT,,GTo;)GC T_ 50Q_

)CCUN1:C
CALL FaG|T

IF _-JXt 1 lO;E;i .C _ ;£ aO q 10 v_R;:SGO,_k( :SG; ;
IFIIN]11Q,_(],C)({ 10 51

]HITI(:1O

cO TO _OOO

COhTI_U(
(NCi:D( I IOO,0LT) CA_._
FORll6 I I 1q_4 /' aS 1G_- CASE:,F| I 0_; I

CALL ECUTICU1,2e- !
]CCUNT:ICO_NT'_I

IF(IWa_T.N(. ])GC TC 3000

£CuTI" 2 - PRINT CONTROL VARIIOL( UPOll(',._q!

£CUT(' a * ;R1NT L0a0 INOICAICR TABLE',31]
;OAT&II |_.AN1,S|;

VakU($',Sl

C ...................... TEST K ..........................................
]F"qK.El.lOlGc TO ICO0

.-- £,'/COOEIIOI,OL_; ;I.(aOER_t},|:l,_)

101 FOG_e'llTX. 10l_)

_.NALF :i4/2

ENCOOEtIQ2,OL-T) (FHITE11),I:l_HALF)

FOI_A ! ¢ 7X, _( 12. ; )
CAkL GOUTIOUI,_F I -

]COUN I:ZCOUe_ T "2
CO--tg.-_ OO g

ENC00(1101,Ol.T) IFEJOERf Z),;=l,;O)
CAbL _CUTIGUT_bT I
ENC0O(I ]02,nLT) IFH|TEII),]:Ie$}

(ALL GCUT(GUI,6"/ )

[NCOUE |]01,0LT) IF(IO(RI ]),_:|],J()
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-- --,k-,i.

69.

70,
71.

72.

7"1.

7S.

- 76.

77.

78,
7_,

WP: IW.- 1I: _ t 6- 1

CALL ECuTICU1,KI:!

X_ALF :14/2

ENC00E I102,OLTI (FHITE(1),I:6,WHALF!

CAkL _OUT I GUI,f,K F )
ICCuNI:ICOUN I*_

20_ G-...- 4;ONI ;..k l,[

C............. - ........................ REA0 11 ..........................

198 IIr(IHITll.EO,01 ;EADII;,ECPR=IOBB,EkO:|_;B8_ ._,_,8LOC1121

lit IIHIIII.EQ,C)EE 10 199

19Be I14/7 1 l:11
to _0 2000

81.
- 82.

83.

8.q.
85.

87.

8|.
89.

90.
91.

93.

9_..

95.
96.

?T.

_98

99.
lOG.

101.
102.

103,

---.-4_9.8------&0 _ I-,I-k _£

IF(,,JA.EU.EIGC TC 2[6
JF |,,JJ .£0,, i ;£ _COCt" I ;O 1,0U1 }W,OL-OCX I 2)

ZCI f0KPqlll2X,.cH]lU] It1_t2H):[l_*_)
IF Id,t.Eg.2|EkCO£EI;O2,OUT)BLOCXI31

202 FORMAI iTX, _MbCI :[1-c.8 I

,,]lr-t,,;.-.£ 0,,-3 ,IE.A CO I',d; t ;03.Gu-T ) BI,rOCK-(-3 )

203 FOI;MA i I 8X, ._HlZ= E IS .8 I

IF I,_J ,{Oo_ }( _{0£_ I _DN 901,1 )N ,BLOCK ¢._ I

2r'q FORI4A 1; IX, 6MCPTSL I ,I2,2H1=(15.81

JF t.,IA.EG.S |EI_CO[:|¢ ;0SeOUT )K._ BLOCK !._l
205 FORMAl |IX,6HCYTBL| ,T2,2M|=F]S.B}

ILt,.M.£G.6L-EJdCcDE-L207,OUT) K,BLCcKt2L_

ZC7 FCI;NI11 IX,6FI FIR 1,12121J):,£1S,8 |
IFIJJ.£_,71 ENCCOEI2CB,0UTI K,BLOCWt3)

208 FORI*A 1 (IX,BME P II; I ,I2,2M I-',r 1S.8 )
CALL _OuTIOUI,2_;

]C CUN I -" ]CO LN 1,1

_0 - TO- 198 ...................

2C6 CONTII_uE

]FIICCLNT,L£.26 1£0 TO 300_
CALL tWOLD I T
1COUN1:0

CALL FAGIT

---,....-_OB_-&-- ........... . ................ -------- _;EAD 12 ..... -.....................

IQS. -_COE COhTlkLE

106. IFIII, IJhT,NF..;)GC TC WET

107. IF I IBaCK.EQ. 123 _ IS JC)_ SPICE 12

10B. 16ACW : 123

109, CALL _CUTI" TIME NEW CP CLD CP ErW CY CL£ CY DCP

-_11C ........ * C.C'I ',6_)

111 • iCCUN 1:|COBS 1.1
112. ;F'(IHI112._0.121_0 1'0 _00(_

...... :F-t-]_t T 1 _'w.E'Q-'_'E-I"--;_IO-¢ 1"_"_( _'I;*;-]OBg|_£ND= ]eGO'! H 19L--,_G_ 1-1-)..]-: 1.-'_ ) _-_,.,,---- -
II_. JFIIH|II2.EQ.('_)C{ 10 ]001
115, 3OO_ 1. IMIT11:12
lib. (_0 TO aOOO

117, 30nl CONTI kU{

118, IIr(IS_l".l) .67, BLOCk(Ill)CO T0 ICE0
.--.1-1.9. !Y T.:O_r G_K t-|t ---

12r. ENCoOE IJOl ,0LT | ( _L CCI( II ) , I:l ,7 ) ,,.J_
121, 301 FOI;_'AIlIX,F9,1,1)vFB.;_.,IX,FB.2,1xvFB.3,1xvFE.3,IX,FB.3,1X,F_.3,1X,

(bn EP _C_, _ C_' GL(_ CY DCP

C ..................... ;EaU 13 .................................

_OO0 _VI=BLOCKIt!
IFAIMI113.E0.0IREACI13,ERR:qOIO,ENE:_010)IeLOC_I])_:I,_I
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136. _CIC

138, _QGI
139.

I_C. _CQ

---;,t.4.

1_41.
l,AS. _GI

I_;6.

I',7o 5COC

lSO.

IS|.
152.

IS3,

--4S S. •

156.
157.
ISe,

159.

16C.

-_4k ;-_---- 6GO }---
16;I.
163.

16_. 6QC;

165.
166.

-----167 .-- -- 6GO ]

168,
169.

JF41HITlJ,E0.CIEC 10.00l

IHITI 2:13
GO--T.O--_i:Q 0
COKT|kU(

(NCOOIr ¢_O(] vOLT ) iELCCX(I|tI:ItIt}

FORgAIlIX,131-{](L Cl. lP gAX'-,Ell._,IqH

t_H 6(ICON:,L .1,61 • )tal ", I'_)

CALL E(:UT IGuT,TC )

E_E, I,--t, ¢1, D I-T
IC(:UN 1:0
JF/IMJkT,EG, | ,Jk0, (IHITI0*IHIT|II.NEo21)EC TC _(_

IFiZII#hT.CC._)GG TC 5(_

COkTl[k_l[
CALL I-CLD I T

Ck kk---_ AGI-T
E0 V0 11

OEL CFI¥ vaX:,Ell.q,

C....................... ;EA0 1 .............. ;EAO I ......................
C .......................... Pt_a_ET(_ SUP_tR_ TABLE ......................

6COC COkTIkL(
]IrIIVakT.GI.2)GC TC 7(:00

. GAI,4.--I: t GI-T ............
CALL ECUT(' FtR_IP(1ER 5U!q. IgY TA8LE',2_I

CALL ¢CUT¢' ",1!
ELCCK ¢ 1):6_

I;EAOI )! HI[AO.IBLCCNtl),I-'|,22)

ENC00(I6OQI,CU_ I 14EtO

FORM& 1 tAX • A& G ) .......
CALL _CUT (GU T,61_

ENCODE I60_2,CUT ) IELOCX( Z ),1:1,31

FORVA 11SX ,.H IlHE tie 15.8, ?H gANGE,E 15.8,12H
CALL EGuTtOUI,72
(NC00E (6QQ_, CUT ) 16 LOCX ( I ) ,I:, ,6 )

FOR_AIIgH IN_RTIJLEIS.8,7_ ItAOIUsF. 1S.8,12H
CALL ¢CUrlCU t,;'_

ENCCOE IbC_[Cq, CUT I

--._-}-7 E _ Ge_--F_ _-_ t-l/I v _H-¥4_k _ (; TY._r4 _ X.-_S'_"a_ GE.g4
171. CALL ECuT (0UT,$!

- 172. " ENCODEI6GOSeCUTIIBLOC_I|),]:7,9)

17]. 6C0_ FORMA TIgH I_CLEIS.8,TH 0(S.E 15,8,12H

- ITq- - - CALL ECUTIGuI_7;
175. ENCOOEI6006,CUT)

_.?_. .LQ_.(i----- f O RN &--'_&_ 7X, _4k NO _'r_[.._r.1..qX._..._A Z..]EMU._'H 1.
17`1, CALL _culr ICU 1,$'J

178. ENC00EI600"I,CUT I lBk0Cgtl),l:lO,lZ!
179. 6007 FORgAlC9H 6DLJTEIS.8_TH _CLtrE 15.8,12H

18C, _AEL _cUTICUl_72
181. ENCODE(6008•CLT !(@LOC_((_I,Z:I_,ISI

---------4 S _-,-..--_k4]-_41...--._ O;X a.J t 9N- IN EIkT-l-ak g 1 g. 4-.,.J H- .... _ E | _ !

FLIGNTElq._|

LONGE! _ • 7)

IS3.
lSq.

185.

|86,
187.

189.

19G.

191.
1916

lq],

19S.

196.
197.

196.-
199.

CALL £CuT ICU 7,_1 (
CALL EGui' I ' aZ II'UIH',9 l

ENCODEI6OOg. CUT) 18LOC)C¢!),|:Ib,17)

6009- FORI_Ik 119H bEIEFTE|S.B_TH G3E1S.8 I .....

CALL _CUT(CuT,cl( }
C_ _--'-_ EU t-t -'- ._ EP'c-£G-]k(_t-O R_ 1LT_k-- P A_ A_ C-.--TE grrt. -'-e_

ENCODEibOI_.CUT I (SLOCKI I ), I'18,20)

601C FOR_AIIgH EC_,TRIcYEISeA•7W tPOAEEEIS.,_,z2H PERIG'([[I(_.T|
CALL ECUTIOU1,72 |

.... ENGOOEI6D| 1_ CUT I .....

6CII FOE_ I (2SX•6 FRA C JU.C ,20X •6HRsOZUS)
CAk4_ GU T-LA)U-L_._

ENCODE 16012, CuT ! CBLOCM( I).I:21 _22 )
6013 FORIAAIIgH JPOGEr-EISeSeTHPER/G_EE]So_I} . .

CALL ECUTICUI•q()

- CAkE EGUTi' HEIGFT HEIGHT',._|)--
CALL I. OLO Z T

_O G .------- C--_ .................................... _-_.--,__--__,__-.-_--_.-.-_=-.-_-_--,_.----

2111o _O TO 11

20_. ¢ ...................................... RI[Ao 2 ........... _E_0 2 ..........
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20J. ?COC
2Qw,,

2[1S.

207.

208.
;!09.

210.

211.
_ 21-;I,,-

213.

2A_.
) 21S,

] 216.
1 217,

..... 218.._ 7001-

219. ?0_;
220.

221.

222.
1 223.

,t -- ---22; ....

] 225.
! 226. 7C0'

-_'??.

2211o
229;

230.

(O_TZ_LE

(ALL F ilGI T
{ALL (CUT(' LOAC ZkOICATOR ?ABL['',2])

&A/_--GGUT (J_,,L) ........

I:CAOI ; I H(JO _NJP(, .c/l Vf v ILIN ZT
[N_0OE CbOOlttUT ) HEAD

tALL [CUTIOUltbE I
CALL EcuT( _
(ALL CCUT I •

&AI.L- _CuTI' LOA(_ ZkO|CATOI_

* Uf_ ITS ' ,6_ )
(0 7C(| I:l,t

FIF£T STAGE" ,Wqt

MI_IMUI' e'IXI_UM' ,.¢I)

- VALL[ --- TIME - WALUE.

[N(;CO( I "/00 ; , (hi)kA I'( (N | ,NIMf IN* 1 ) , ! SAVE (K , ] | t P : |, = ) , Iuhl T { _ ) '
* ]UI_ZT l_.1)

(,,,iLL, EOuTICU'iebL} ......

FORMAI(2Xt2A_eAt]z '2 (Ir(:.2t_ll'FGe2e2X)t,_a_)
CALL CCUT(" ',1)

tALL CCUTI' SECCNO STAE[',W_)
tO 7GCJ 2:1,_

P,:2*I- l

(MCOOE 17002.CUT IklPf II_/I,NI_I{(N+I|, (SAVEIK. ] I,_:¢.,SI,ZUkZTI/_I'

tIuhITI_*L)

CALL GCLTICUlt6f. )

C*"tT.-" _w_tO I t - --

_0 10 )1

ENC

G-157



lb
Z,

36
4,

6,
7e

8,
9,

l-h'

]_o

16°

l?.

11.
19,

20,

21,

_2.
_.

25,

26.

27,

3Q.

31o

32,

_.

36.

37.
31.

77C
C

¢
C

95

IC!

11C
¢

EUBROLTI_C _eT[_k(EoN!

PATRI_ INVF.RSTON

e : IkFuI,_IITR|x TO Eli[ IkVIr.R'I[O|CI. TPLltINVIrRI[O
p- - .--;--N. b-_,8. E _L-0F-- -,_O Ir S

[2 I*EM'E 10N alTv9)

COL,OLI[ PI_[CT._:I0_ AtgvgI,FTVOT|91yJPAXtltSMJF

rz MI[N.¢ ]0N IP IVO 1 19 ) _ |NOIrX I 9v2)

£O_,J|vJLENCE I]RCbI_ROM), IICOLUNv,JCOLUPI, ILMJX,
( 0--- 7-_E--| a i'vN

[0 77C ,_-1,_

]NITI_LIZA]ICN

Ce ..-H3---_= 1.-_k..

_C IP [¥OTI,J J:Q

._( ro 55C ]:I_N

- (.[AR£1- FOR I"Ivgl ELEH(NT

;C "M k.*,_ .G

SG IF I|PZVOTIJI-;! 6G. 105, 60

6G C0 IOC _:I,N
?E IF I_FIVoTIN )-! ) _[e JO0_ T_O

_¢ lit tO&8$1iMIX)'OJE$lill.3tKltl 8St|0CvIQC
_-l---]G G;,_,r
9C ICCLUP:X

AJ_A_:J I_lvX )

CONT_ kt:l[
(OhTZkL¢

IP %¥O 1 t _COLUe ): I FT hOT ! [ C OLl.,,eq) • l

¢ ]NTERCkANG[ gObS TC PUT PIVOT ELEMENT ¢N 01JG0hJ_
¢

12C IF (II;Cld. XCOLU_! l_O, ZOOt IqO

I_C OG 2CC L:I,_

16(; c.d,tP"J f ZR0k e L )

-I

I

_J

l

__j ,.

I

I

1

!

-- ; q |_.----------], T G-.-I ! |ROb .t. ):_(

_2. 2C[: J I lC0tb_v L ):_.bhtF

1 _3. 26G lNOEX (I _1 ; :II;OW

l qq. 21C INCEX 1|,2 I:ICCLLI'
I qS, 3IC FI rOT II1:_ II CQLLP _ JCQLUIN)
| a6. C

---t-_Tr- .... G.----_-_,Xv-IDE-PXVGT rlgk B,1 PIVOT E_.[t*ENT

%COL_M ,_-) ............................

1 _8. C
1 _. ]]C ,_(ICOLLM,I¢0LUHI:I .OQ

] 50. 3aE C0 ._: t=I,,'_

; Sl. .]_-C /I ICOLLM,LJ:III(CLLP,L)IP_OTI_)
; 5Z. C

- ; ....... §]-- ¢ - --;EDbGE _ON-_IVoT _CuS

Scl. C
1 SS. 38C [0 55C LI:I,_

2 57. qCC l:_lk I,ZCOLUP!

Z S6, _(; / I kl f ICOL.UM) :G,G

-1 - 6G, _SG _ILI_LYUAILI_LI*J4IGOL-UI4,LI_'T

7' 61. $_.C _OkIX kite
--: (_2. C

; f).]. ¢ IN T[RCI_aNGI[ COLLPN$
;. -- 6q,, _.

$5. 6CC co 71( I:1,,_

l 66, bIC L:_" 1 * I
l 67, b2_ IF IIbDEx(L, Jl-lbOEXlL,2)) 630, 71C, 620

e_TalX
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1 68_r-- --&_t ;--.R GW_] kO_-X tk .r-; ;

1 6g, 6_C ,.CCLUI':]'NO[X IL,;}
1 ";C, 6z.[ t'O 70 c K-I,N

71. 66C SWAP=J (_,._ROb)

; 72, 67r.,; a ( X ,,,IKCW | =& ( P ,,_¢ CL LN !

_---- 7_ ,,--_.-..-- -7 G .L-CO k T.]_kldE

; 75. ?I{: CO_,T I _L,(
76. 7]C ¢,Ok T l kL,[

77. LO 7E( I:I,N

l 7S, CO 7eC ,_:I,N

; 79, 78C El 1,.Jt:ACI,,JI

81. [NO
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le

2,

3,

6.
7.

8,

9e

IC.

_UBROLT INE MENU

LOGICJL Z TAP E ,i:} E/'4 kC
COI_I4Ok/TOL/I'TOL,|TJPE

COI'MO E/CCC/GI; JPl- ,,,I CUT ,,OE_'l Eli
(.O_O1_ ,L[ y SE / .Ib,S E

CO_140k/NI" TI*E/NT I PE

]F'_eNCT.OEMA_,O)GG TO _ ....
C ............................ AREA MOOE ......... . ........................

I - - JTAPE:,FAI. SE, - .......

CALL J;EAZh
--t-i-r-- C - - --

12.

.i._.
I.S,

lb.

-- ,---af.._ *

.I.B,
lg,

Zl,,
Z2o

._ 3]-

2.S,, .
2fJ.

2'7,

t,.-JC-.GUTE.- _,-G_ .............
]lrllu._E,{g,l lEO Ig

C ................. P_'INT MOOE

IFII'U._E,EQ._ ICALL LLPRT
C............................ SELEC1-GISFLkY-EOIT -_.Ag£-NQCE .............

]FI2U.<E,NE.2)G0 10 ]

CALL J |N.[ T
CO TO J

C ............................ EXECUTE BA TCHIOEISANC ...............

2 -- ]u_E= 1
CALL J IN1' T

C ............. - ..... ER;QK IF TRY RUNNING _ZTNOUT INPbT .................

J II r INT |/,IE ,NE • I )_t E TURN

_0 TO l

ENG:
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)

2

l
1

.1

]

2
2

H

--..4

!

l

1

)
-.3__

l

lm

2.

3,
q.

5.

6e

7.

S.

IC.

12.

13.

lq,
15.

16.

1-7.

18.
19,

2Co
21,

22°

2).

2q.
25,

26.

27.
28.

79_
30.

31.

32.

3q*

C

C

77C

¢

• c.UBROLTIN( M]NV |E_E)

PATRIX INVER_ZON
(0UBL( PREC|$I0k k(q,glvP]voT¢gltJPJx,TvS_ar

C]P[N._JON 1P]VOl 19 )eBI91,;)e]N[)[XIg_2)
EG b;V JEENG( -t4R Gb-.,r,,RG _ )T- ¢-1GOt_U I%.-_GGI,-U e.)-,--.L_,_,,---Z _.-$ V-_P-4-- ---

(0 77[ I:I,N

CO 77C O:I,N

;( 1,,J):BI I,J)

]NITIJLI21TICN

CO 20 .;:1,_

2C ]Ply011,J)=G

2C CO 5S( I:I,N

![ARCI- FOR P]V01 ELEMENT

m( JMJX:(.C_

_.¢ (0 lO. r' J:loN
SC ]F (ZI:IVOTCJ I'll 6(, 105, 60

_( CO |C( K:I.N
7[ JF" 12_IVoTIK)-II e_, 101_, 7_O

|¢ |F--(GA-_.4 &Ma_&4.,,G&8$-4,t-4,_.,-K.4 I-; 85, ;-OG-, _.GO

8! ]R (:U:,.
q( ]C CLUI':X

9. t JMJIX:J |JeK |

lC; ;Ok T1.kt.[
IC t. COklZkb(

C
G )N1(R(6ANG( KOU$ T( PUT P|VOT (L(_EN1

C

lqC OO 2(C L=I,_

CN OIJGCkJL

36. 17C J(IR0k,L)=i(]COLL_,L)
37. 2C_ _ ( ]C0ti.,Iq, L ):3b*,¢
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